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THE BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


THE CHARACTERISTICS OF THE 
OBSERVATIONAL SCIENCES? 


Ir will doubtless startle my audience to 
hear that this section has only once in its 
history been addressed by an astronomical 
president upon an astronomical topic. I 
hasten to admit that I am not using the 
term astronomical in its widest sense. 
Huxley once declared that there were only 
two sciences, astronomy and biology, and it 
is recorded that ‘‘the company’’ (which 
happened to be that of the Royal Astronom- 
ical Society Club) ‘‘agreed with him.”’ 
One may agree with the company in assent- 
ing to the proposition in the sense in which 
it is obviously intended without losing the 
right to use the name astronomy in a more 
restricted sense when necessary; and at 
present I use it in its classical sense. At 
Brighton, in 1872, Dr. De La Rue addressed 
Section A on ‘‘Astronomical Photog- 
raphy’? in words which are still worthy of 
attention, though they are all but forty 
years old; and this is the only instance I 
ean find in the annals of the section. There 
have, of course, been occasional astronom- 
ical presidents such as Airy, Lord Rosse 
and Dr. Robinson, but these presided in 
early days before the address existed, or 
when it was brief and formal; and the only 
allusions to astronomical matters were the 
statements, by Robinson and Airy, of what 
the association had done in subsidizing the 
reduction of Lalande’s observations and the 
Greenwich lunar observations. In 1887 
Sir Robert Ball occupied this chair, but he 


1 Address of the president to the Mathematical 
and Physical Section. Portsmouth, 1911. 
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selected from his ample scientific wardrobe 
the costume of a geometer, and left his as- 
tronomical dress at home. A great man 
whose death was announced almost as I was 
writing these words, Dr. Johnstone Stoney, 
spoke (in 1879 at Sheffield) of the valuable 
training afforded by the study of mechan- 
ics and of chemistry, with that keen insight 
which made him so valuable a member of 
our section. Other presidents whom we 
have been glad to welcome as astronomers 
at certain times and seasons did not choose 
the occasion of their presidency for any 
very definite manifestation of astronomical 
sympathy. 

The addresses of Sir George Darwin (in 
1886) and of Professor Love (in 1907) on 
the past history of our earth certainly have 
an astronomical bearing, but if we distin- 
guish between the classical astronomy and 
its modern expansions they would be as- 
signed to the latter rather than to the 
former; and so do the few astronomical al- 
lusions in Professor Schuster’s address at 
Edinburgh in 1892. Even if we inelude, in- 
stead of excluding, all doubtful cases, there 
will still appear a curious neglect of astron- 
omy by Section A in the last half century, 
all the more curious when it is remarked 
that the neglect does not extend to the as- 
sociation itself, seeing that there have been 
three astronomical presidents of the asso- 
ciation who had not been previously chosen 
to fill this chair. The neglect is not con- 
fined to astronomy, but extends, as some of 
us recently pointed out, to the other sciences 
of observation; and we thought that, as a 
corollary, it would be better for the section 
to divide, in order that these sciences might 
not continue the struggle for existence in 
an atmosphere to which they were appar- 
ently ill-suited. But the section decided 
against the suggestion, and I have no in- 
tention of appealing against the decision. 
This explicit statement will, I trust, suffice 
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to prevent misunderstanding if I proceed 
to examine the possible causes of neglect— 
for I can not but regard the record as sig- 
nificant of some cause which it will be wel} 
to recognize even if we can not remove it. 
Personally I think the cause is not far to 
seek, and my hope is to make it manifest: 
but as the statement of it involves some- 
thing in the nature of an accusation, [ will 
beg leave to make it as gently as possible 
by using the words of others, especially of 
those against whom the mild accusation is 
to be made. 

Let me begin by quoting from the admir- 
able address—none the less admirable be- 
cause it was only one quarter of the length 
to which we have become accustomed—de- 
livered by my late Oxford colleague, the 
Rev. Bartholomew Price, at Oxford in 
1860, wherein he referred to the constitu- 
tion of this section as follows: 

The area of scientific research which this sec- 
tion covers is very large, larger perhaps than that 
of any other; and its subjects vary so much that 
while to some of those who frequent this room 
certain papers may appear dull, yet to others they 
will be full of interest. Some of them possess, 
probably in the highest degree attainable by the 
human intellect, the characteristics of perfect and 
necessary science; while others are at present little 
more than a conglomeration of observations, made 
indeed with infinite skill and perseverance, and of 
the greatest value: capable probably in time of 
greater perfection, nay, perhaps of the most per- 
fect forms, but as yet in their infancy, scarcely 
indicating the process by which that maturity will 
be arrived at and containing hardly the barest 
outline of their ultimate laws. 


A little later in the address Professor 
Price made it quite clear which were the 
sciences ‘‘in their infancy.’’ 


And finally we come to the facts of meteorology 
and its kindred subjects, many of which are 
searcely yet brought within any law at all. 


There is here much that will command 
ready and universal assent; but is there not 
also a rather unnecessary social scale? The 
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science of planetary movement had not yet 
been ‘‘brought within any law at all’’ (as 
we now use the term) in Tycho Brahé’s 
time: but was the astronomy of Tycho 
Brahé socially inferior to that of Kepler? 
It is diffieult to fix the eye on such a ques- 
tion without its being caught by the 
splendor of Newton towering so near; and 
the idea of a seale descending from that 
creat height is almost irresistibly suggested. 
But in spite of this grave difficulty, I ask 
whether there is of necessity any drop 
whatever from the plane of Kepler, who 
realized the laws, to that of Tycho, who 
never reached any suspicion of the true 
laws, but had, nevertheless, such faith in 
their existence that he cheerfully devoted 
his life to labors of which he never reaped 
the fruits? Is it not a dangerous doctrine 
that the work done previous to the formu- 
lation of a law is in any way inferior? 
Take the ease of a man like Stephen 
Groombridge, who made thousands of accu- 
rate observations of stars in the early part 
of last century. Fifty years later some- 
thing of the value of his work began to 
emerge from a comparison with later ob- 
servations which showed what stars had 
moved and how; but it was not until nearly 
a century had elapsed that something about 
the laws of stellar movement was extracted 
from his patient work, combined with a 
repetition of similar works at Greenwich. 
Then, with the skilful assistance of Mr. 
Dyson and Mr. Eddington, Groombridge at 
last came into the fruits of his labors; but 
had he been asked during his lifetime for 
credentials in the shape of laws, on pain of 
being classed as an inferior in the social sci- 
entific seale, he would have been lamentably 
unprepared. Or consider the case of M. 
Teisserene de Bort, when he began sending 
up his balloons. ‘‘Show me your laws,”’ 
cries the mathematician. ‘‘But they are 
just what I hope to find,’’ replies M. de 


SCIENCE 


323 


Bort. ‘‘Yes, but surely you have formu- 
lated some law you wish to test?’’ pursues 
the invigilator. ‘‘How am I to give you 
proper scientific rank unless you can pro- 
duce at least a tentative law?’’ ‘‘On the 
other hand, I wish to keep a perfectly open 
mind,’’ maintains M. de Bort. ‘‘Then I 
fear I can not admit you to our class at 
present; you must join the infants’ class, 
and I can only give you my best wishes 
that you may reach maturity some day.’’ 
Unperturbed, M. de Bort continues to send 
up his balloons, and almost immediately 
discovers the great fact about the _ iso- 
thermal region which will be a permanent 
factor in the meteorology of the future. 
The mathematician is now ready to admit 
him, as a worthy person who has found a 
law about the constitution of the atmos- 
phere. But was not the merit in sending 
up the balloons whatever came of it? Is it 
not sometimes more courageous to take 
risks of failure? The mathematician, safe 
in his stronghold which possesses ‘‘ prob- 
ably in the highest degree attainable by the 
human intellect the characteristics of per- 
feet and necessary science’’ is like a man 
who has inherited a good old-established 
business, and he has a distaste for the 
methods of those who have to try new ven- 
tures. No doubt many who make such 
trials fail; but, on the other hand, great 
fortunes have been made in that way. 

It may seem, however, that too much is 
being deduced from a single quoted opin- 
ion, which may easily have been personal 
and not representative. Let me, therefore, 
take another which presents a different as- 
pect of the same matter. I take the open- 
ing words of Sir G. H. Darwin’s address to 
this section at Birmingham in 1886. 

A mere catalogue of facts, however well ar- 
ranged, has never led to any important scientific 


generalization. For in any subjects the facts are 
so numerous and many-sided that they only lead 
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us to a conclusion when they are marshaled by 
the light of some leading idea. A theory is then 
a necessity for the advance of science, and we may 
regard it as the branch of a living tree,*of which 
facts are the nourishment. 


Those who have read the letters of 
Charles Darwin will recognize that this 
opinion was also held by the father, and 
may have been adopted by the son. It is 
no part of my purpose to raise any question 
of originality: I mention the point merely 
to take the opportunity it gives me of show- 
ing that I do not approach lightly an opin- 
ion held by two such men. With the ut- 
most respect I wish to question whether the 
criterion indicated goes deep enough. 
Often have we had ocular demonstration 
of the value of a theory in stimulating the 
advance of science, but is advance wholly 
dependent on the existence of a theory? I 
have tried to indicate already a deeper mo- 
tive power by such instances as the work of 
Tycho, who had no theory, but who per- 
ceived the need of observation. And I will 
now definitely formulate the view that the 
perception of the need for observations, the 
faith that something will come of them, and 
the skill and energy to act on that faith— 
that these qualities, all of which are pos- 
sessed by any observer worthy the name, 
have at least as much to do with the ad- 
vance of science as the formulation of a 
theory, even of a correct theory. The work 
of the observer is often forgotten—it lies at 
the root of the plant; it is easier to notice 
the theories which blossom and ultimately 
produce the fruit. But without the patient 
work of the observer underground there 
would be neither blossom nor fruit. It is 
also easy to fix attention on the mechanical 
nature of much observation; but this is not 
the principal feature of observing any 
more than is numerical computation of 
mathematics. There are men like Adams 
who perform gigantic numerical computa- 
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tions faultlessly, but there are others who 
would take equal rank as mathematicians 
who can not do three additions correctly; 
and again others who could compute well 
and quickly but prefer to hand over that 
part of their work to some one else. Simi- 
larly some great observers themselves look 
through the telescope, and some merely di- 
rect others how to do so; the spark of di- 
vine fire is not dependent on this detail, 
but on the possession of the qualities above 
mentioned—pereeption, faith, skill and 
energy. 

By way of bringing out more fully the 
nature of the assertion made by Sir George 
Darwin, let me beg your attention to a 
striking ineident in recent astronomical 
history. We all know how the great as- 
tronomer we lost last year, Sir William 
Huggins (one of those already mentioned 
as having occupied the presidential chair 
of the association without having filled that 
of Section A), initiated the determination 
of velocities of the heavenly bodies in the 
line of sight by means of the spectroscope. 
We know further how the accuracy of these 
determinations was improved by the appli- 
eation of photography, so that it has re- 
cently become possible to measure the ve- 
locity of the earth in its orbit (as it 
alternately approaches and recedes from a 
given star) with a precision which matches 
that of other known methods. Now Mr. W. 
W. Campbell, on his appointment as direct- 
or of the Lick Observatory in 1900, per- 
ceived the desirability of observing the line 
of sight velocities of as many stars as pos- 
sible, believed that that outeome would be 
in some way for the advancement of sci- 
ence, and resolutely acted on that belief, so 
that for many years the resources of his 
great establishment have been devoted to 
this work. He has not turned aside from it 
even to publish provisional results, and has 
thereby incurred some adverse criticism. 
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But, having now accumulated a large mass 
of observation, he is proceeding to let them 
tell their own tale, and a wonderful story it 
‘is. We have, unfortunately, not time to 
listen to more than a fraction of it at the 
moment; but that fraction .is well worthy 
of our attention. When the stars are 
crouped in classes according to their spec- 
tral type, their average velocities differ; 
and if the spectral types are arranged in 
that particular order which for quite inde- 
pendent reasons we believe to be that of 
development of the stars, there is a steady 
increase in the velocities. To put the mat- 
ter in a nutshell, the older a star is the 
quicker it moves. There are, no doubt, sev- 
eral assumptions made in reducing the 
matter to this simple statement, but I ven- 
ture to think that they do not affect the 
point I now wish to make, which is as fol- 
lows. There is no doubt whatever that the 
catalogue of facts accumulated by Mr. 
Campbell, when arranged in an obvious 
order, has led to a most important scientific 
generalization—a direct negative at this 
date of Sir George Darwin’s opening sen- 
tence, however true it may have been when 
he wrote it. If we read on, his next sen- 
tence doubtless entitles him to say that it 
was the marshaling of the facts which led 
to the conclusion. It is not altogether clear 
to me in what way this marshaling differs 
from the permitted ‘‘arrangement’’ of the 
catalogue; but the third sentence seems to 
imply that the distinction lies in the exist- 
ence of a theory. But certainly Mr. Camp- 
bell had no theory ; so far is he from having 
had a theory that he finds it extremely diffi- 
cult, if not at present actually impossible, 
to formulate one, which will satisfactorily 
account for the extraordinary fact brought 
to light by the simple arrangement of his 
catalogue. 

Witness his words in Lick Observatory 
‘‘Bulletin,’’ No. 196, dated April 20 last: 
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The correct interpretation of the observed facts 
referred to in this ‘‘ Bulletin’’ seems not easy of 
accomplishment, and the brief comments which 
follow make no pretensions to the status of a 
solution. 

That stellar velocities should be functions of 
spectral types is one of the surprising results of 
recent studies in stellar motions, for we naturally 
think of all matter as equally old gravitationally. 
Why should not the materials composing a nebula 
or a Class B star have been acted upon as long 
and as effectively as the materials in a Class M 
star? ... The established fact of increasing stel- 
lar velocities with increasing ages suggests the 
questions: Are stellar materials in the ante-stellar 
state subject to Newton’s law of gravitation? Do 
these materials exist in forms so finely divided 
that repulsion under radiation pressure more or 
less closely balances gravitational attraction? 
Does gravity become effective only after the proc- 
esses of combination are well under way? 


Mr. Campbell is far from being helpless 
in the situation he has created; he is ready 
with suggestions, though he modestly puts 
them as questions; but they are obviously 
consequent, and not antecedent, to the ad- 
vance which he has made. Even if the like 
has never happened before, this scientific 
advance is at any rate due to little more 
than the accumulation of facts which ar- 
ranged themselves, as Bacon hoped would 
naturally happen. But does it detract 
from the merits of this fine piece of obser- 
vational work that it was suggested by no 
leading theory? And I will ask even 
further: Would its merits have been less if 
no such immediate induction had presented 
itself? To this second question I ean 
scarcely expect a general answer in the 
affirmative; it is so natural to judge by re- 
sults, and so difficult to look beyond them 
to the merits of the work itself that I shall 
not easily carry others with me in claiming 
that the merits of the observer shall be as- 
sessed independently of his results. And 


yet I affirm unhesitatingly that until this 
attitude is reached we can not do justice 
to the observer. I believe it will be reached 
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in the future, and I shall endeavor to give 
reasons for this forecast; but I admit 
frankly that our habit of judging by re- 
sults will be hard to break. It extends even 
to the observer himself, and leads to the 
withholding of his observations from pub- 
lication, so that he may himself extract the 
results from them. In the pure interests of 
the advance of knowledge, it would be far 
better to publish the material, so that many 
brains rather than one might work upon it. 
But the observer knows that by this course 
he risks losing almost the whole value of 
his patient work, which would pass as un- 
earned increment to the particular person 
who was lucky enough to make the induc- 
tion. Hence arise quarrels such as those 
between Flamsteed and Newton; the former 
refusing to publish his observations until 
he had himself had an opportunity of dis- 
cussing them, while Newton and Halley ex- 
erted their powerful influence in the con- 
trary sense. This situation by no means 
belongs to a bygone age; it may and does 
arise to-day, and will eontinue to arise so 
long as the recognition of the observer’s 
work is inadequate. It was mentioned a 
few minutes ago that Mr. Campbell had in- 
curred adverse criticism by accumulating a 
considerable mass of unpublished observa- 
tions. Let me be careful not to suggest 
that his primary motive was the desire to 
have the first use of them, for I happen to 
know that there was at least one other good 
and sufficient reason for his action in the 
difficulty of finding funds for publication, 
a difficulty with which observers are only 
too familiar. But whatever the reason, 
there were those who regretted the delay in 
publication as hindering the advance of 
science. The whole question is a delicate 
one, and might have been better left un- 
raised at the moment but for a most curious 
sequel, which puts clearly in evidence the 
importance of the observer and the desira- 
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bility of allowing him to discuss his own 
work. To make this clear a small digres- 
sion is necessary. 

During the last half-dozen years astron- 
omers have been startled on several occa- 
sions by pieces of news of a particular 
kind, indicating the association of large, 
widely scattered groups of stars in a com- 
mon movement. The discussion of these 
movements is to occupy the special atten- 
tion of this section at one of our meetings, 
which is an additional reason for brevity 
in the present allusion. Possibly also most 
members of the section have already heard 
of Professor Kapteyn’s division of the 
great mass of bright stars into two distinct 
groups flying one through the other; and 
again of the discovery by Professor Boss of 
a special cluster of stars in the constella- 
tion Taurus, moving in parallel lines like a 
flock of migrating birds. The fascination 
of this latter discovery, and of one or two 
others like it, is that when the information 
supplied by the spectroscope is combined 
with that furnished by the long watching 
of patient observers, we can determine the 
distance of the cluster and its shape and 
dimensions. We realize, for instance, that 
there is a large flat cluster migrating just 
over our heads, so that one member of it 
(Sirius) is close to our sun—that is to say, 
only three or four light-years from him. 
‘*Close’’ is a relative term; and the dis- 
tance traveled by light in three years is 
from some standpoints by no means des- 
picable. But it is small in comparison 
with the dimensions of the cluster, which 
is about one hundred light-years from end 
to end. The study of these clusters will 
doubtless oceupy our close attention in the 
immediate future; and it is very natural 
than the discovery of one should lead to 
the search for others. Accordingly, we 
heard last autumn with the deepest inter- 
est, but with modified surprise, the an- 
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nouncement of common movement in a 
class of stars of a particular spectral type. 
The announcement rested to some extent 
on the work done at the Lick Observatory, 
much of which has been published in an 
abbreviated form. But Mr. Campbell, in 
the Lick Observatory ‘‘Bulletin’’ already 
quoted, gives reasons why he can not ac- 
cept the conclusion, which is vitiated, in 
his opinion, by the existence of a system- 
atic error in the observations. Now on 
such a point as this the observer himself is 
at any rate entitled to a hearing, and is 
often the best judge. To take proper pre- 
eautions against systematic errors is the 
business of the observer, and his efficiency 
may very well be estimated by his success 
in this direection—this would be a far safer 
guide than to judge by results. But some- 
times such errors, which are very elusive, 
do not suggest themselves until the obser- 
vations have been completed, and must be 
detected from the observations themselves. 
This, again, is rightly the business of the 
observer, and the desire to free his observa- 
tions from such error is a perfectly sound 
and scientific reason for withholding pub- 
lication. In the present instance the error 
is a peculiarly insidious one; and, indeed, 
we are not even certain that it is an error. 
It is a possible alternative interpretation of 
the facts that the stars with Class B spec- 
trum are in general moving outwards from 
the sun, and the additional fact that there 
is a comparatively large volume of space 
round the sun at present empty of B stars 
would seem to favor this alternative. But, 
as already mentioned, the observer himself 
prefers rather to credit his observations 
with systematic error which gives a spuri- 
ous velocity of 5 km. per second to stars of 
this type. Now it will readily be under- 
stood how an error of this kind may appear 
doubled: two vehicles traveling in opposite 
directions approach or recede from one 
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another with double the speed of either; 
and if one were erroneously supposed to be 
at rest, the other would be judged to travel 
twice as fast. In this way the B stars in a 
particular portion of the sky were judged 
to be traveling with a common motion of 
10 km. per second, which would have been 
a discovery of far-reaching importance if 
true, but which the observer relegates to 
the category of systematic errors. 

The illustration will suffice to remind us 
that the work of the observer is far from 
being merely mechanical: it demands also 
skill and judgment—skill in defeating sys- 
tematic error, and a fine judgment, born of 
experience, of the success attained. All 
this is independent of the generalizations 
which may or may not be arrived at. 
Bradley’s skill as an observer enabled him 
to discover the aberration of light and the 
nutation of the earth’s axis; it was en- 
hanced rather than lessened when he went 
on to make further observations which, had 
he lived, would have conducted him to the 
discovery of the variation of latitude. 
After his death the world waited more than 
a century for this discovery to be made, 


‘but Mr. Chandler, who played a leading 


part in it, has declared that Bradley was 
almost certainly on its track. It would 
almost seem that an observer is only prop- 
erly appreciated by another observer. 
There are doubtless many who, assisted by 
the knowledge that Bradley’s skill had 
twice previously conducted him to a dis- 
covery, would be ready to admit the value 
of his later work, although he did not live 
to crown it; but how many of these could 
properly appreciate Bradley without such 
assistance ? 

I venture to think that the great bril- 
liance of Newton has dazzled our vision so 
that we do not see some things quite 
clearly. 
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Had it not been for Newton [writes De Morgan 
in his ‘‘ Budget of Paradoxes,’’ p. 56] the whole 
dynasty of Greenwich astronomers, from Flam- 
steed of happy memory, to Airy, whom Heaven 
preserve, might have worked away at nightly ob- 
servation and daily reduction without any remark- 
able result: looking forward, as to a millennium, 
to the time when any man of moderate intelligence 
was to see the whole explanation. What are large 
collections of facts for? To make theories from, 
says Bacon; to try ready-made theories by, says 
the history of discovery; it’s all the same, says 
the idolater; nonsense, say we! 


But nothing of this will fit in with what 
we know of Bradley’s work; he discovered 
aberration, not by any help from Newton, 
but by accumulating a mass of observa- 
tions. He had no ready-made hypothesis, 
or rather he had a wrong one, viz., that the 
stars would show displacement due to par- 
allax; and after this was proved wrong, as 
it was at the very outset, he had nothing 
in the way of a theory to guide him, and 
found great difficulty in devising one after 
he had eollected his facts, which spoke for 
themselves so far as to reveal plainly the 
essential features of the phenomenon in 
question. 


Modern discoveries (on the preceding page of 
the ‘‘B. of P.’’) have not been made by large 
collections of facts, with subsequent discussion, 


separation, and resulting deduction of a truth thus 
rendered perceptible. 

To this I venture to oppose not only such 
work as that of Bradley, but much in the 
recent history of astronomy; the discov- 
about systematic proper motions, 
about moving clusters, about the growth of 
velocity with life history, and so forth. 


eries 


There is an attempt at induction going on, 


which has yielded little or no fruit, the observa- 
tions made in the meteorological observatories. 
The attempt is carried on in a manner which 
would have caused Bacon to dance for joy... . 


And what has come of it? Nothing, says M. Biot, 
and nothing will ever come of it:. the veteran 
mathematician and experimental philosopher de- 
clares, as does Mr. Ellis, that no single branch of 
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science has ever been fruitfully explored in this 
way. 

De Morgan was a mathematician, and I 
have noticed that mathematicians are apt 
to be crisp in their statements: but he is a 
bold man who says ‘‘nothing will ever 
come of it.’’ Perhaps an equally crisp 
statement on the other side may be par- 
doned. I adventure the remark that if 
nothing has hitherto come of such observa- 
tions, it is because observers have been mis- 
led by the very teaching of De Morgan and 
others who share his views: they have been 
told that they will do no good without a 
theory until they have come to believe it; 
whereas the truth probably lies in a quite 
different direction. To present my reasons 
for this proposition I must ask you first to 
consider in some detail the method of dis- 
eussing meteorological observations sug- 
gested some years ago by Professor Schus- 
ter. He gave an account of it to the 
Department of Cosmical Physics, over 
which he presided in 1902, so that I must 
face some repetition of what he said; but 
the matter is so important that I trust this 
may be pardoned. 

Let us compare the records produced on 
a gramophone disk by the playing of a 
single instrument and by that of an or- 
chestra. The first will be comparatively 
simple, and when suitably magnified will 
show a series of waves which in certain 
parts of the record form sequences of great 
regularity. These represent occasions when 
the single instrument played a long-sus- 
tained note, the pitch of which is indicated 
If the in- 
strument plays more loudly, while still 
keeping to the same note, the heights of 
the waves will increase, though their fre- 
quency will not be altered. The exact 
shape of each wave will represent the qual- 
ity of tone which characterizes the instru- 
ment: and if another instrument were to 
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play the same note it would be different. 
But so long as we keep to the same instru- 
ment, whenever the same note recurred we 
should find, generally speaking, the same 
shape of wave: and we could resolve it into 
its constituents, one being the main wave 
and others harmonies of different intensi- 
ties. The analysis of such a record would 
thus be a comparatively simple matter, on 
which we need secareely dwell further. 
Very different is the case of the orchestral 
record. There are numerous instruments, 
playing notes of different pitch, intensity 
and character, each of which, if playing 
alone, would produce its own peculiar rec- 
ord. But when they play together the 
records are all combined into one. The 
needle can only make one record, but it is 
a true sum of all the individuals; for when 
the instrument is set to reproduce the play- 
ing of the orchestra, a trained ear can per- 
ceive the playing of the separate instru- 
ments—when the strings are playing alone, 
and when the wind joins them: when the 
horn comes in and whether there are two 
players or only one: nay, even that one of 
the second violins is playing somewhat flat! 
This could not happen unless the indi- 
vidual performances were essentially and 
truly existent in the combined record; and 
yet this consists of only one single wavy 
line. The waves are, however, now of great 
complexity, and it seems at first sight hope- 
less to analyze them. The mathematician 
knows, however, that such analysis is pos- 
sible, and is quite simple in conception, 
though it may be laborious in execution. 
Selecting a note of any given pitch, a 
simple calculation devised by Fourier will 
reveal when and how loudly that particular 
note was being played. This being so, it 
is only necessary to repeat the process for 
notes of different pitch. But though this 
can be stated so simply, the carrying out in 
practise may involve immense labor, by 
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reason of the number of separate notes to 
be investigated. It is not merely that these 
will extend from low growls by the double 
bass to high squeaks by the fiddles, but that 
their variety within these wide limits will 


be so great. The series is really infinite. 
We might indeed prescribe a certain scale 
of finite intervals for the main notes, as in 
a piano: but the harmonies of the main 
tones would refuse to obey this artificial 
arrangement and would form intermediate 
pitches which must be properly investi- 
gated if our analysis is to be complete. 
Moreover the orchestral instruments will 
not keep to any such prescribed intervals, 
but will insist on departing from them 
more or less, according to the skill of the 
performer. There is a story told of an ac- 
companist who vainly tried to adjust the 
key of his accompaniment to the erratic 
voice of a singer. At length in exaspera- 
tion he addressed him as follows: ‘‘Sir, I 
have tried you on the white notes, and I 
have tried you on the black notes, and I 
have tried you on white and black mixed: 
you are singing on the ecracks!’’ Some in- 
struments will almost certainly ‘‘sing on 
the cracks’’ so that we shall not easily es- 
eape from the examination of a very large 
number of possibilities indeed—we may 
well call them all the possibilities within 
the limits of audibility. The illustration 
is already sufficiently developed for provi- 
sional use. My suggestion is that science 
has only dealt so far with the easy records 
and that the genuine hard work is to come. 
If we can imagine a number of deaf per- 
sons turned loose among a miscellaneous 
collection of gramophone records, with in- 
structions to make what they could of 
them, we can readily imagine that they 
would pick out those of single instruments 
first. We must make the researchers deaf 
so that they may not use the beautiful 
mechanism of the human ear which has as 
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yet no analogue in scientific work. Pos- 
sibly something corresponding to this won- 
derful and still mysterious mechanism may 
ultimately be devised, and then the course 
of scientific research may be fundamen- 
tally altered: but for the present we must 
regard ourselves as deaf, and as condemned 
to work by patient analysis of the records. 
It is perfectly natural, and even desirable, 
to begin with the easy ones, and the finding 
of an easy one would no doubt in our hy- 
pothetical case be a sensational event, re- 
flecting credit on the lucky discoverer, who 
would be hailed as having detected a new 
law, 7. €., a new simple case. But sooner 
or later these will be used up and we must 
attack the more complex orchestral records 
in earnest. Shall we find that the best 
musie is still to come, as our illustration 
suggests ? 

But we must return to Professor Schus- 
ter’s suggested plan of work. It is closely 
similar to that already sketched for dealing 
with a complex gramophone record. Let 
us consider the record of any meteorolog- 
ical element such as temperature or rain- 
fall. When these records are put in the 
form of a diagram in the familiar way we 
get a wavy line, which has much in com- 
mon with that traced by a gramophone 
needle on a smaller seale. The sight of the 
complexities is almost paralyzing, espe- 
cially when those who would otherwise at- 
tack the problem are deterred by the em- 
phatie assertion that it is useless to do so 
without the equipment of some guiding 
hypothesis. Most of the obvious hypoth- 
eses have of course already been tried, and 
the majority of them have failed. It is to 
Professor Schuster that we owe the vitally 
important advice to disregard hypotheses 
and make a complete analysis of the record. 
Of course the labor is great, but the genuine 
observer is not afraid of labor: he has a 
right to ask, of course, that it shall not be 
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interminable: and when we are told that 
we must examine an almost infinite series 
of possibilities there would seem to be some 
danger of this. But in practise the work 
always resolves itself into a series of finite 
steps, owing to the finite extent of the ob- 
servations. A definite illustration will 
make this clear. Suppose we have ninety 
years of rainfall and we test the record for 
a frequency of nine years, which would 
run through its period ten times: we must 
certainly test independently for a fre- 
quency of ten years, which would only run 
through its period nine times, and thus lose 
one whole period on the former wave: and 
so also for a possible frequency of nine 
years and a half, and of nine years and a 
quarter. But a frequency of nine years 
and one day would not be distinguishable 
from that of nine years, for the phase 
would only change 1° in the whole avail- 
able period of observation. Indeed the 
same might be said of all frequencies be- 
tween nine years and nine years and one 
month: for the extreme difference of phase 
would not exceed 40°. But in course of 
time when the series of ninety years’ ob- 
servations become 900 years, the differences 
of phase will approach or exceed a com- 
plete cycle, and we must accordingly nar- 
row the intervals between frequencies 
chosen for examination. 

The length of the series of observations 
is thus an important factor in our proce- 
dure, for which Professor Schuster has in- 
dicated a beautiful analogy. Our illustra- 
tions hitherto have been provided by the 
science of sound, but we may also gather 
them from that of optics. Testing a series 
of rainfall observations for a periodicity is 
like examining a source of light for a defi- 
nite bright line. The process of computa- 
tion indicated by Fourier gives us what 
corresponds to the measured brilliance of 
the bright line; and the complete process 
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of analysis corresponds to the determina- 
tion of the complete spectrum of the source 
of light, which may consist of bright lines 
superimposed on a continuous spectrum. 
And the length of the series of observations 
corresponds simply to the resolving power 
of the optical apparatus. The only point 
in which the analogy breaks down is unfor- 
tunately that of ease and simplicity. In 
the optical analogy, an optical instrument 
performs for us with completeness and 
despatch the analysis, which in its counter- 
part must be performed by ourselves with 
much numerical labor. 

Let us consider how we should most con- 
veniently proceed to the complete delinea- 
tion of a spectrum. We should ultimately 
need an apparatus of the greatest possible 
resolving power, but it might not be ad- 
visable to begin with it: on the contrary, 
a small instrument which enabled us to 
glance through the whole spectrum might 
save much time. Suppose, for instance, 
that there was a bright line in the yellow; 
our small instrument might suffice to show 
us that it was due either to sodium or 
helium, but no more: the decision between 
these alternatives must be reserved for the 
larger instrument. On the other hand, if 
no line is seen in the yellow at all, we have 
ruled out both possibilities at once, and so 
economized labor. Hence it is natural to 
use first an instrument of low resolving 
power and afterwards one of higher. 

Now in the work for which this serves as 
an analogy this procedure is actually im- 
posed upon us by the march of events. It 
has been pointed out that the resolving 
power of the optical apparatus corresponds 
exactly to the length of our series of ob- 
servations. Hence our resolving power is 
continually inereasing. Quite naturally we 
begin with a short series of observations, 
which shows us our lines blurred and con- 
fused: to define and resolve them we have 
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but one resource—‘‘wait and see’’; wait 
and accumulate more observations, to 
lengthen the series. But the lengthening 
must be in geometrical progression: we 
must double our series to increase the re- 
solving power in a definite ratio; and 
double it again. We begin to get a glimpse 
of the important part to be played by the 
observer in the future, and of his increase 
in numbers. 

Let us glance at a few illustrations of 
the use of this method. Professor Schuster 
has applied it, for instance, to the observa- 
tions of sunspots. Now it may fairly be 
said that the general law of sunspots was 
thought to be known: the variation in a 
eycle of about 114 years has long been con- 
sidered to represent the facts: it catches 
the eye at once in a diagram, and though 
there are also obvious anomalies, they had 
not been deemed worthy of any particular 
attention (with one exception presently to 
be mentioned), until Professor Schuster 
undertook his analysis. To his surprise, 
when he caleulated the periodogram of 
sunspots, he found two entirely new facts: 
(1) that there were other distinct periodici- 
ties, notably of about four, eight and four- 
teen years; (2) that the eleven-year cycle 
had not been continuously in action, but 
that during the eighteenth century it had 
been much less marked than the eight-year 
and fourteen-year cycles. 

A further most interesting fact seems to 
emerge, viz.: that several of the periodici- 
ties are harmonies of a major period of 
some thirty-three years or more, and it 
seems just possible that a connection may 
ultimately be established with the Leonid 
meteor-swarm, which revolves in this pe- 
riod. But it would take us too far from 
our main point to follow these most inter- 
esting corollaries: the point well worthy of 
our special attention is this, that we have 
here an undoubted advance in knowledge 
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resulting, not from observations made with 
regard to any particular theory, but from 
the simple collection of facts and the ar- 
rangement of them in all possible ways, the 
very method which has been despised and 
condemned. Let us contrast with this the 
method hitherto adopted, which has been 
to hunt for some particular possible cause 
which will give the eleven-year period. 
Thus Professor E. W. Brown suggested? 
in 1900 that the eleven-year cycle was due 
to the tidal action of Jupiter, altered pe- 
riodically by two causes: 


Mag. of 
Force 


0.33 
0.11 


Period 
11.86 years 
9.93 years 


By Jupiter’s eccentricity . 
By the motion of Saturn . 


and he suggests his contention by an in- 
genious and striking diagram, which seems 
to explain not only the main cycle, but its 
(This paper is, in fact, the ex- 
ception above referred to.) But if his con- 
tention is correct the periodogram should 
show bright lines at 11.86 and 9.93 years, 
which it does not. This is worth noting, 
since it is sometimes said that there is noth- 
ing new in Professor Schuster’s method, 
which is true enough in one sense, since it 
is simply the analysis of Fourier. The 
novelty consists (1) in ealling attention to 
the necessity of applying the analysis in 
all cases, a necessity which I venture to 
think was overlooked in this instance by’so 
able a mathematician as Professor Brown; 
and (2) in the insistence on the examina- 
tion of all periods, irrespective of any par- 
ticular theory or preconception. And in 
this second character the method seems to 
me to cut at the root of the canons of pro- 
cedure which have found favor hitherto. 
As a second instance I present with 
much more diffidence a few results which 
seem to emerge from a very laborious an- 
alysis of the rainfall at three or four sta- 


anomalies. 


* Monthly Notices R. A. S., LX., p. 600. 


SCIENCE 


[N.S. Vou. XXXIV. No. 872 


tions, for which Professor Schuster and 
myself are jointly responsible. There is 
some evidence for a cycle of 600 days in 
the Greenwich rainfall to which a further 
eycle in the quarter period (150 days) 
lends support. On analyzing the Padua 
records it is found that these cycles do not 
exist, but it seems quite possible that there 
are cycles of rather shorter period, viz., 
594 days and 148} days: the relation of 
four to one being maintained. The sepa- 
rate links in this chain are none of them 
very strong, but they seem to hang to- 
gether, and there is certainly a case for 
further investigation. But would this case 
have been likely to present itself in any 
other way than by the examination of the 
whole periodogram? [I find it very difficult 
to think, even now the periods are sug- 
gested, of any theoretical cause: to let the 
facts speak for themselves took much time 
and labor, but I venture to think that we 
might have waited far longer, and eud- 
geled our brains much more, before we got 
the clue by formulating hypotheses of 
causation. 

A new method is not adopted widely all 
at onee. Professor Whittaker has, I am 
glad to say, begun to apply the method to 
variable star observations, and is already 
hopeful of having obtained valuable in- 
formation in the case of the star SS Cygni. 
Possibly we may hear something from him 
at this meeting. Meanwhile I take the op- 
portunity to remark that the history of 
variable star observation affords us many 
lessons as to the desirability of simply ac- 
cumulating observations and letting them 
speak for themselves instead of being 
guided by a theory on hypothesis. Let me 
give an instance. One of the fathers of 
variable star-observing, the late N. R. Pog- 
son, made a series of excellent observations 
of the star R Urse Majoris in the years 
1853 to 1860. He then seems to have 
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formulated a particularly unfortunate hy- 
pothesis, viz., that he knew all about the 
variation; and he accordingly only made 
sporadic observations in succeeding years. 
Now this star, along with many others, 
varies in a manner which may be illus- 
trated from the occurrence of sunrise. The 
average interval between two sunrises is 
exactly twenty-four hours: but this is only 
the average. In March the sun is rising 
two minutes earlier every day, and the in- 
terval is therefore two minutes short of 
twenty-four hours; as the year advances 
the daily gain slackens, and at midsummer 
the interval is exactly twenty-four hours: 
then the sun begins to rise later each day, 
and the interval exceeds twenty-four hours 
and so on: so that there is a regular yearly 
swing backwards and forwards through a 
mean value: and as in the ease of all such 
swings there is a sensible halt at the ex- 
treme values. Now when Pogson made his 
observations of k Urse Majoris in 1853-60 
it was time of halt at an extreme: the 
period remained stationary and the varia- 
tion repeated itself eleven times in closely 
similar fashion, so that Pogson concluded 
it would continue in the same way. How 
many instances suffice for an induction? 
Many inductions have been based on fewer 
than eleven. Unfortunately the period 
was just beginning to change sensibly, and 
we lost much valuable information, for no 
one else repaired Pogson’s neglect ade- 
quately: and the whole swing of period 
occupies about forty years, so that the 
opportunity of studying the changes he 
missed has only quite recently returned. 
We are thus reminded how disastrous may 
be a break in the record. It should be one 
of the articles of faith with an observer 
that the record is sacred and must not be 
broken. Most of them indeed act on that 
principle already, but there are heretics, 
and it pained us to find even Professor 
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Schuster himself tinged with heresy. On 
the very occasion when he did so much for 
the observer by presenting his beautiful 
method, he suggested that it might even be 
advisable to drop observing for a time in 
order to apply the method to accumulated 
observations. He may possibly be right, 
but the observer had better believe him 
wrong. There ought to be an ‘‘observer’s 
promise’’ like the promise of the boy scout ; 
and one part of it should be not to inter- 
rupt the record, and another should be to 
publish the observations regularly, and 
never to let them accumulate beyond five 
years. 

The method of Professor Schuster is not 
the only one that has been recently pro- 
posed for dealing with large masses of ob- 
servations. We have also the methods of 
Professor Karl Pearson. These have been 
far more widely adopted for use than the 
periodogram, and they have also been more 
adversely eriticized. As regards criticism, 
I think it is fair to say that it has chiefly 
been directed towards the nature of the ma- 
terial on which Professor Pearson has used 
his process than on the process itself, and 
at present we need not be concerned with 
it. The processes themselves are sound 
enough; one of them, for instance, is much 
the same as the old method of least squares 
in asimple form. But if the same criticism 
is made as has been made on the method 
of the periodogram—viz., that it is not new, 
we can reply in almost the same words in 
the two cases: the mathematical calculus 
may not be new, the novelty is the insist- 
ence on the application of it, and the ap- 
plication to all possible cases. Professor 
Pearson ceases to look for one principal 
factor only, and examines all possible fac- 
tors, Just as Professor Schuster examines 
all possible frequencies. Let us recur for a 
moment to the words of Sir George Darwin 
previously quoted. 
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A mere catalogue of facts, however well ar- 
ranged, has never led to any important scientific 
generalization. For in any subject the facts are 
so numerous and many-sided that they only lead 
us to a conclusion when they are marshaled by 
the light of some leading idea. 


Let us take, for instance, a catalogue of 
variable stars such as those of Mr. Chand- 
ler. Particulars for each star are given in 


separate columns, exclusive of the name 


and number. We might wait long for a 
leading idea to guide us in marshaling the 
facts, and so far as I know we have waited 
till now without any such idea occurring to 
any one. But Professor Pearson insists on 
the plain duty of determining the correla- 
tion between each and every pair of these 
columns, and any others we may be able to 
add. Anybody could have made the sug- 
gestion, and there was plenty of elementary 
mathematical machinery in existence for 
carrying it out; but so far as I know no- 
body did, any more than the erities of Co- 
lumbus suggested how to stand up an egg. 
But the suggestion having been made by 
Professor Pearson, it was so clearly sound 
that I did what lay in my power to follow 
it up: with the result that certain correla- 
tions were at once indicated which at least 
If we 


“an not say more than this it is simply be- 


pave the way for further inquiry. 


sause the catalogue of facts was not large 
enough. So far from the observers having 
wasted their energies by observing without 
any theory to guide them, more work of the 
same kind would have been welcome, for it 
would have reduced the probable error of 
As an example 
It has already 


been mentioned that a variable-star maxi- 


the correlations indicated. 
I may quote the following. 


mum though it may recur after a more or 
less definite period on the average, is sub- 
ject to a swing to and fro like the time of 
sunrise. Let us call the average interval 
the day of the star and the period of swing 


SCIENCE 


[N.S. Vot. XXXIV. No. 872 


the year, without implying anything more 
by these names than appears in the anal- 
ogy. Then I found® that the day and the 
year were correlated, the value of the eo- 
efficient being 

r= 0.56 + 0.08. 


Having obtained this clue, it was interest- 
ing to use it for the elucidation of individ- 
ual problems. The days of many stars are 
by this time pretty well known, but their 
years are very uncertain. In nine or ten 
cases the assessment of the vaguely known 
year was under revision, and in all, without 
exception, the revised assessment tended 
in the direction of the formula. In one 
ease (S Serpentis) the formula suggested 
the solution of a long-standing puzzle.‘ 
Finally the inquiry is suggested whether 
our own sun may be treated as a variable 
star with a period or day of eleven years, 
in which ease its time of swing a year 
should be about seventy-five years, if the 
formula is strictly linear. There are found 
to be indications of a swing of this order 
of magnitude, though the time given by the 
periodogram method is fifty-four years.’ If 
the relation between year and day is not 
strictly linear these figures could easily be 
reconciled for a case lying so far outside 
the limits within which the formula was 
deduced. But the ultimate successful es- 
tablishment of the connection is of less im- 
portance for our present purpose than to 
notice the fruitfulness of the method of 
suggestion, which is as mechanical as Bacon 
himself could have wished. 

Let us admit frankly that there is an ap- 
pearance of brutality about such methods. 
Is our method of search to be merely the 
old and prosaic one of leaving no stone un- 
turned? We have been led to believe that 
there should be more of inspiration in it; 

* Monthly Notices R. A. S., LXVIIL., p. 544. 


*Monthly Notices R. A. S., LXVIIL., p. 561. 
* Ibid., p. 659. 
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that a true man of science should have some 
of the qualities of that fascinating hero of 
fiction, Mr. Sherlock Holmes, who picks up 
his clue and follows it unerringly to the 
triumphant conclusion. Such qualities will 
do the man of science no possible harm: 
indeed they will be of the utmost value to 
him. The point to which I am now calling 
attention is the change in nature of the op- 
portunities for using them, which are be- 
coming every day more confused. Dr. 
Conan Doyle, in the exercise of his art, 
keeps our attention fixed on a single trail: 
he conceals from us by mere omission the 
numerous trails which cross it. We admire 
the skill of the Indian who pursues an 
enemy through the trackless forest: but his 
suecess depends on the simplicity brought 
by this very tracklessness, and would be 
imperilled if there were numerous tracks. 
It may be remarked, however, that there is 
a still higher sagacity—that of the hound 
who even among a number of tracks can 
pick out the right one by scent. Let us 
imagine for a moment that the scientific 
man ean be endowed in the future, by 
training or by some new invention, with 
a faculty of this kind, so that he may un- 
erringly pursue a single trail even when it 
is crossed and recrossed by others. Then 
in the terms of this metaphor I draw atten- 
tion to the fact that he has still to deter- 
mine which is the right trail; and that in 
general he ean only do so by pursuing each 
in turn to the end. To take an example from 
a recent scientific anecdote: I relate the 
story as I was told it, and even if incorrect 
in detail it will serve its purpose as a par- 
able. The Réntgen rays were discovered 
originally by their photographic action, 
but afterwards it was found that they 
would render a screen of calcium tungstate 
phosphorescent. I was told that this dis- 
covery had been made in this wise: Mr. 
Edison had a large collection of different 
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chemicals, and a number of assistants: he 
set his assistants busily to work to try each 
substance in turn until the right one was 
found. Now this is not only a genuine 
scientific process, but it is the fundamental 
process. Let it be frankly admitted that 
our instincts are against it. We should 
much prefer to hear that some hypothesis 
had pointed the way, even a false hypothe- 
sis such as actually led to the discovery of 
the possibility of achromatism in lenses. 
Or if memory had played a part: The other 
day Professor Fowler identified the spec- 
trum of a comet’s tail with one taken in 
his laboratory, of which he had some 
recollection, and our human sympathies 
fasten at once on this idea of recollec- 
tion as a praiseworthy element in the dis- 
covery. Nay, even mere accident appeals 
to us more than brutal industry: if Mr. 
Edison had wandered into his laboratory, 
picked up a bottle at random, and found it 
answer his purpose, I venture to say that 
we should have instinctively awarded him 
more merit: there would have been just a 
chance that he was inspired. Let us by all 
means welcome hypothesis, memory, in- 
spiration and accident whenever and 
wherever they will help us: but they may 
fail, and then our only resource is to help 
ourselves by the unfailing method of ex- 
amining all possibilities. The aid of the 
others is adventitious and comes, like that 
of the gods, most readily to those who help 
themselves. 

The maxim of ‘‘leaving no stone un- 
turned’’ was enunciated from a rather dif- 
ferent point of view some dozen years ago 
by an American geologist, Professor T. C. 
Chamberlin, of Chicago, in a short paper 
for students entitled ‘‘The Method of 
Multiple Working Hypotheses.’’*® After 
recalling how much the march of science 
in early days was retarded by the tyranny 

* University of Chicago Press, 1897. 
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of a theory formulated too hastily, and how 
in later times attempts have been made to 
remedy this evil by holding the theory, pro- 
visionally only, as a working hypothesis, 
Professor Chamberlin points out that even 
the working hypothesis has serious disad- 
vantages : 

Instinctively there is a special searching-out of 
phenomena that support it, for the mind is led by 
its desires. .. . From an unduly favored child it 
readily grows to be a master and leads its author 
whithersoever it will. . . . Unless the theory hap- 
pens perchance to be the true one, all hope of the 
best results is gone. To be sure, truth may be 
brought forth by an investigator dominated by a 


His very errors may indeed 
But 


false ruling idea. 
stimulate investigation on the part of others. 
the condition is searcely the less unfortunate. 


To avoid this grave danger the method of mul- 
tiple working hypotheses is urged. It differs from 
the simple working hypothesis in that it distributes 
the effort and divides the affections. .. . In devel- 
oping the multiple hypotheses, the effort is to 
bring up into view every rational explanation of 
the phenomenon in hand and to develop every ten- 
able hypothesis as to its nature, cause or origin, 
and to give all of these as impartially as possible 
a working form and a due place in the investiga- 
The investigator thus becomes the parent of 
a family of hypotheses: and by his parental rela- 
tions to all is morally forbidden to fasten his 
affections unduly upon any one. In the very na- 
ture of the case, the chief danger that springs 
from affection is counteracted. 


tion. 


For the further elucidation of Professor 
Chamberlin’s proposals I must refer my 
audience to his original paper, which is 
well worthy of careful attention. He does 
not shirk consideration of the drawbacks 
—‘No good thing is without its draw- 
backs,’’ he writes. And it may be added 
that no good thing is entirely new, or en- 
tirely old. Perhaps it is better to say that 
it is generally both new and old. The 
method of multiple hypotheses is new be- 
cause it is still necessary to remind scien- 
tific workers of all kinds that so long as 
they restrict themselves to the examination 
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of one hypothesis only they can never reach 
complete logical proof: they can only at- 
tain a high measure of probability. What 
is often called verification’ is not complete 
proof, but only increase in probability: 
for complete proof it is necessary to show 
that no other hypothesis will suit the facts 
equally well, and thus we are bound to con- 
sider other possible hypotheses even in the 
direct establishment of one. 

But the method is also old in that it has 
long been adopted in practise, however 
partially and unconsciously by scientific 
workers of all kinds. When as a boy at 
school I began to make physical measure- 
ments under Mr. J. G. MeGregor (now 
professor of physics at Edinburgh) I 
learned from him one golden rule: ‘‘Re- 
verse everything that can be reversed.’’ 
The crisp form of the rule may be new to 
many who have long used it in their work: 
and its use is simply that of ‘‘multiple 
hypotheses.’’ For when the current in a 
wire is reversed, the hypothesis is tacitly 


*To show that the facts agree with the conse- 
quences of our hypothesis is not to prove it true. 
To show that is often cailed verification: and to 
mistake verification for proof is to commit the 
fallacy of the consequent, the fallacy of thinking 
that because, if the hypothesis were true, certain 
facts would follow, therefore, since those facts are 
found, the hypothesis is true. ... A theory whose 
consequences conflict with the facts can not be 
true; but so long as there may be more than one 
giving the same consequences, the agreement of 
the facts with one of them furnishes no ground 
for choosing between it and the others. Neverthe- 
less, in practise we often have to be content with 
verification; or to take our inability to find any 
other equally satisfactory theory as equivalent to 
there being none other. In such matters we must 
consider what is called the weight of the evidence 
for a theory which is not rigorously proved. But 
no one has shown how weight of evidence can be 
mechanically estimated; the wisest men, and best 
acquainted with the matter in hand, are oftenest 
right.—‘‘ An Introduction to Logie,’’ by H. W. B. 
Joseph, fellow and tutor of New College, Oxford, 
Clarendon Press, 1906, p. 486. 
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made, the effect observed may be due to the 
direction of the current: and when a meas- 
ured spectrum photograph is turned round 
and remeasured, it is an admission of the 
hypothesis that the direction of measure- 
ment may be partly responsible for the ob- 
served displacements of the spectrum lines. 
By the various reversals we endeavor, in 
Professor Chamberlin’s words, ‘‘to bring 
up into view every rational explanation of 
the phenomenon in hand’’ which can be 
brought up into view in this way. But 
truly ‘‘no good thing is without its draw- 
backs,’’ and one drawback to the recogni- 
tion of this principle is that, by a process 
of mental confusion, it seems sometimes to 
be regarded as a distinct merit in a piece 
of apparatus that it can be reversed in a 
large number of ways. It must be remem- 
bered that the hypotheses thus examined 
and ruled out are chiefly instrumental ones 
superadded to those of nature: and the lat- 
ter are already sufficiently numerous, with- 
out our ingenious additions. 

The view which I have endeavored to 
put before you of the inevitable course of 
scientific work is that it will depend more 
and more on the patient process of ‘‘leav- 
ing no stone unturned.’’ It may not be an 
inspiring view, but it should be at least 
encouraging, for it follows that no good 
honest work is thrown away. And it is just 
this encouragement of which the observer, 
as opposed to the worker in the laboratory 
and the mathematician, stands sometimes 
in sore need. The worker in the labora- 
tory can often clear away his hypotheses 
on the spot: he can reverse his current then 
and there: but this is often impossible for 
the observer, who can and does reverse his 
spectrum plate for measurement, but to 
reverse the motion of the earth which af- 
fected the lines must wait six months: and 
to reverse also the motion of the star may 
have to wait six years, or sixty, or sixty 


SCIENCE 


337 


thousand. In many eases he must leave 
the reversal to others, and thus not only 
can he not test all his hypotheses, but he 
may not even be able to formulate them. 
His aim ean not, therefore, be to establish 
within his lifetime some new law, and his 
work is not, therefore, to be appreciated or 
condemned by his success or failure in this 
respect. There are truer aims and surer 
methods of judgment. Something is in- 
evitably lost when we endeavor to express 
these aims in the concrete; but for the sake 
of illustration we may say that the true 
observer is always endeavoring to reach the 
next decimal place, and is ever on the alert 
for some new event. Of the pursuit of the 
next decimal place it is needless to say 
more: the aim is as familiar in the labora- 
tory as in the observatory. But I often 
think that the recognition of new events is 
scarcely given its proper place in the an- 
nals of science, if we have due regard to 
the consequences. I have protested that in 
much of his work the observer can not be 
judged by the fruits of his labor, though 
there is an instinctive tendency to judge in 
this way: but here is a case where he might 
well be content to be so judged, and yet the 
consistent award is withheld. Think for a 
moment of the very considerable additions 
to our knowledge which have accrued from 
the discovery by Professor W. H. Picker- 
ing of an eighth satellite to Saturn. The 
discovery led directly to the recognition of 
the retrograde motion; and to explain this 
we were led to revise completely our views 
of the past history of the solar system. 
Incidentally it stimulated the search for 
other new satellites, resulting in the dis- 
covery of a curious pair to Jupiter and 
next of the extraordinary eighth satellite; 
while it was the investigation of the orbit 
of this curiosity which suggested an emi- 
nently successful method of work on com- 
etary orbits. If we judge scientific work 
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by its results we must take into account 
all this subsequent history in our apprecia- 
tion of Professor Pickering’s achievement. 
But whether we do so or not is probably a 
matter of indifference to him, for the true 
observer is above all things an amateur, 
using the word in that splendid sense to 
which Professor Hale recently introduced 
us. There have been many attempts to 
define an amateur. One was given by 
Professor Schuster in his eloquent address 
to this section at Edinburgh in 1892: 

We may perhaps best define an amateur as one 


who learns his science as he wants it and when he 


wants it. I should call Faraday an amateur. 


We need not quarrel with his definition 
and certainly not with the noble instance 
with which he points it. But after all I 


prefer the definition of Professor Hale :* 


According to my view, the amateur is the man 
who works in astronomy because he can not help 
it, because he would rather do such work than any- 
thing else in the world, and who therefore cares 
little for hampering traditions or for difficulties 
of any kind. 


The wholly satisfactory nature of this 
view is that it provides not only a defini- 
tion, but an ambition, and a criterion. We 
feel at once the ambition to become ama- 
teurs, for I deny stoutly that the distine- 
tion is conferred at birth: it comes with 
work of the right kind. And we may 
know what is work of the right kind by this 
if by nothing else: that by diligently per- 
forming it we shall become amateurs who 
find it impossible to stop: ‘‘who work in 
astronomy because we can not help it.’’ 
Before an army of such men even the vast 
hordes of dusky possibilities of which we 
are beginning to catch glimpses must yield. 
The fight may seem, and no doubt is, with- 
out end; and the opportunities for glorious 
deeds by which outlying whole troops of 
the enemy are demolished at once are be- 

* Monthly Notices R. A, S., LUXVIIL, p. 64. 
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coming rarer. We are confronted with the 
necessity of attacking each possibility 
singly, which threatens the stopping of the 
conflict through sheer weariness. Clearly 
the army of amateurs is the right one for 
the work: weariness can not touch them: 
they will go on fighting automatically be- 
eause ‘‘they can not help it.”’ 
H. H. Turner 





SAMUEL HUBBARD SCUDDER 


SaMUEL HuBBarD SCUDDER was born at Bos- 
ton, April 13, 1837, and died at 156 Brattle 
Street, Cambridge, May 17, 1911, at the age 
of seventy-four years. He was, perhaps, the 
greatest American entomologist of his time. 
Whether we regard the mere mass of his work 
or its excellence or the breadth of view shown, 
we who belong to this later generation must 
stand amazed and humbled. Which of us can 
even imagine himself girding his loins for 
such a task as the “ Nomenclator Zoologicus ” 
or the great volumes on the “ Butterflies of 
the Eastern United States”? Such things 
may now be undertaken cooperatively, or with 
much expert and clerical assistance; but 
Scudder was both architect and builder of his 
great works, responsible for everything, very 
rarely seeking collaboration, except for the 
purpose of gathering materials. I corresponded 
actively with him for many years, and have 
before me a pile of old letters and postal cards 
in the familiar handwriting. As I look them 
over I think of two especially prominent char- 
acteristics, his enthusiasm and his kindness. 
Herein he ranks with another famous ento- 
mologist, W. H. Edwards, who at one time 
wrote me almost daily concerning the progress 
and welfare of an interesting caterpillar I had 
sent him. It was not enough for Seudder to 
discover new facts or perceive new relation- 
ships; he must at once communicate them to 
those likely to be interested; and the charm 
of his letters, without the reserve natural to 
the printed page, must have warmed the heart 
and increased the zeal of many a younger 
man. May we, who now are obliged in such 
manner as we can to fill in the vacated ranks, 
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remember and imitate the splendid courtesy 
of the fine old men we have known! 

I only saw Scudder once after he was 
stricken with paralysis, and his work was 
done. This was in 1907, at the time of the 
Zoological Congress in Boston. I was allowed 
to talk with him for three minutes only, but 
‘n those minutes he enquired after various old 
friends in the west, and looked at some new 
fossils from his old-time hunting ground at 
Florissant. He at once recognized the rela- 
tionships of the fossil Nemopterid, although 
he had never seen such a fossil before; and 
being shown an excellent example of his own 
genus Holcorpa, said “that is a better one 
than mine.” I mention these facts to show 
that his mind was still active, although he 
was physically unable to work and mentally 
incapable of any continuous strain. It is one 
of the most pathetic facts in the history of 
science that for seven years this great nat- 
uralist remained paralyzed and helpless, with 
so much of the work he had planned to do still 
unfinished. 

Seudder’s life was in many respects peace- 
ful and happy, but he suffered much. Dr. C. 
J. S. Bethune has recently written the follow- 
ing: “ When the writer first came within the 
charmed circle of which Dr. Seudder was the 
center, some forty years ago, he and his young 
wife were living in Cambridge. Not long 
after, on account of her delicate health, they 
went to the south of France, and enjoyed for 
a time the balmy climate of the Riviera; but 
health was not restored, and soon the much- 
loved wife was taken away. Years after he 
experienced another bitter sorrow in the death 
of his only child, who had entered upon a 
physician’s career with every prospect of 
attaining distinction in medical science.” 
Scudder’s son died of rapid tuberculosis, and 
I remember well when every letter, mainly 
about Orthoptera, would contain something 
about him. This loss came nearly at the end 
of Seudder’s active life, and he never was 
quite himself again. 

I have thought it useful to prepare a very 
brief chronological summary of Dr. Scudder’s 


* Canadian Entomologist, July, 1911. 
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life, in order to show in some measure the 
character and volume of his work. 


1837. Born at Boston, Mass., April 13. 
1857. A.B. at Williams College. 
1858. Published list of terrestrial Mollusea found 


at Williamstown, in Williams Quarterly. 
This, his first published paper, appears to be 
his only one on Mollusca. 

1859. Report to Boston Society of Natural His- 
tory on the collection of insects of T. W. 
Harris. (First entomological contribution.) 

1860. A.M. at Williams College. Index to Ento- 
mological Writings of T. W. Harris. (Hagen 
wrongly dates this 1859.) 

1861. First paper on Orthoptera (Proc. Boston 
Soc. Nat. Hist.). North American Pieris; 
the first paper on butterflies. 

1862. B.S., Lawrence Scientific School, Harvard 
University. Assistant to Louis Agassiz at 
Museum of Comparative Zoology (1862-64). 
Materials for Monograph of North American 
Orthoptera (71 pp.).  Seudder’s famous 
sketch, ‘‘In the Laboratory with Agassiz,’’ 
was published in Every Saturday, 1874, and 
reprinted many times. 

1863. Insect Fauna of White Mountains. 
Butterflies of New England. 

1864. Became custodian, Boston Society of Nat- 
ural History, and held this position until 
1870. 

1865. First contribution on fossil insects: De- 
vonian [now considered Carboniferous] In- 
sects of New Brunswick. 

1866. First discovered fossil neuropterous insects 
in North America. Dragon-flies from Isle of 
Pines and White Mountains. 

1868. Carboniferous (fossil) insects. 
of Orthoptera of North America. 
of Orthoptera (1868-79). 

1869. Edited Entomological Correspondence of 
T. W. Harris. New Orthoptera from the 
Andes. 

1870. Seudder and Burgess on Genitalia of Ni- 
soniades. 

1871. Systematic Revision of some of the Amer- 
ican Butterflies. 


List of 


Catalogue 
Century 


1872. Fossil Butterfly from France. 
1873. Carboniferous (fossil) Myriapods. 
1875. General Secretary of the American Asso- 


ciation for the Advancement of Science. His- 
torical Sketch of Generic Names proposed for 
Butterflies. Fossil Butterflies. Orthoptera 


from Northern Peru. 





340 


1876. Synopsis of North American Earwigs. 
Critical and Historical Notes on Forficularie. 

1877. Elected to National Academy of Sciences. 
Tube-constructing Ground Spider from Nan- 
tucket. 

1878. Rhachura, a new genus of fossil Crustacea 
(from Coal Measures). 

1879. Assistant Librarian at Harvard (to 1882). 
Catalogue of Scientific Serials of all Coun- 
tries. George Dimmock published ‘‘The 
Writings of Samuel Hubbard Seudder,’’ 
enumerating 315 titles. 

1882. Nomenclator Zoologicus (1882-84). This 
is a list of all the generic and family names 
proposed for animals, and is simply inval- 
uable to the zoologist. Archipolypoda, a sub- 
ordinal type of spined Myriapods from the 
Carboniferous. 

1883. Editor of ScreNcE (to 1885). He also 
edited the entomological journal Psyche for 
many years. 

1884. Paleozoic Arachnids. 

1885. Paleodictyoptera (Paleozoic Hexapoda). 

1886. Paleontologist to U. S. Geological Survey 
(to 1892). Published ‘‘ Winnepeg Country, 
or Roughing it with an Eclipse Party,’’ 
under a pseudonym. 

1888. Paleozoic Cockroaches from Ohio. 

1889. Butterflies of the Eastern United States 
and Canada, with special reference to New 
England (3 volumes). This is, I suppose, the 
finest work on any butterfly-fauna yet pub- 

It gives a most elaborate account of 
every species, from all points of view, and is 
enlivened by dissertations on general subjects 
connected with entomology. It is also pro- 
fusely and beautifully illustrated. 

1890. Fossil Insects of North America: The Pre- 
tertiary Insects. Tertiary Insects of North 
America. Bibliography of Fossil Insects. 
Hon. Se.D. at Williams; LL.D. at Pittsburgh. 

1891. Index to the Known Fossil Insects of the 
World. 

1892. The Genus Hippiscus. 

1893. Brief Guide to the Commoner Butterflies 
of the Northern United States and Canada. 
The Life of a Butterfly. Orthoptera of 
Galapagos Islands. The Tertiary Rhyncho- 
phorous Coleoptera of the United States. 

1894. Vice-president of the American Association 
for the Advancement of Science. 
Tipulide. 

1895. 


lished. 


Tertiary 
North American Ceuthophili. 


Canadian Fossil Insects. Revision of 
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American Fossil Cockroaches, 
sect-fauna of (ningen. 

1896. Mantide of North America. 
ican Nemobius. 

1897. Revision of the Orthopteran Group Melan- 
opli. Guide to the Genera and Classification 
of the North American Orthoptera. 

1898. Alpine Orthoptera of North America. 

1899. Revisions of Schistocerca and Myrmeco- 
phila. 

1900. Adephagous and Clavicorn Coleoptera from 
Tertiary Deposits at Florissant. Catalogue of 
Described Orthoptera of the United States 
and Canada. 

1901. Alphabetical Index to North American 
Orthoptera. (A complete guide to the whole 
literature of the subject to the end of the 
nineteenth century.) 

1902. The last paper published: Seudder and 
Cockerell, List of the Orthoptera of New 
Mexico. Dr. Seudder’s last scientific work 
was correcting the proofs of this paper. 


Miocene In- 


North Amer- 


Scudder’s Taxonomic Work 


Seudder’s taxonomic work was character- 
ized by great precision and clearness of state- 
ment. Everything was well arranged, and 
every pertinent fact clearly given. Localities 
and collectors were faithfully cited, and bib- 
liographic references were exhaustive. It 
would be well if some of our writers of the 
present generation would study his methods, 
simply regarded as models of presentation. 
For certain of his views, Scudder was fre- 
quently attacked, but he did not enter into 
controversy. More especially, his treatment 
of the genera of butterflies aroused a great 
deal of opposition, for he upset much of the 
current nomenclature and divided up the old 
genera. To-day, much of this work is widely 
accepted, and while it is probable that several 
of his generic groups should not be regarded 
as valid, there remains no doubt that he was 
right in principle. He was, in fact, one of 
the pioneers in the movement for more precise 
classification, like Gill in fishes and Pilsbry 
in Mollusca. 

It will be of interest to very briefly review 
Seudder’s work in different groups. 

Fishes—While with Agassiz, Scudder 
worked on fishes, and prepared some manu- 
scripts which he did not publish. Some of this 
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work was published by others, so that in the 
family Heemulide two genera and one species 
are to-day credited to Scudder. 

Crustacea. —Rhachura venosa was published 
as a new genus and species of fossil Crus- 
tacea, and is accepted as valid. For some rea- 
son, it is erroneously printed Rachura by 
Weller and others. 

Arachnida.—One living spider from Nan- 
tucket was published, Lycosa arenicola. In 
1904 this became the type of the genus Geo- 
lycosa Montgomery. Thirteen species of 
Paleozoic and thirty species of Tertiary arach- 
nids were published. 

Myriapoda.—Scudder published 32 species 
of Paleozoic myriapods and one from the Ter- 
tiary rocks. The work on the Paleozoic forms 
was very interesting and important. 

Fossil Insects —The following figures are 
obtained by going through Handlirsch’s great 
work on fossil insects, and my own (1909) list 
of the Tertiary genera. In the latter paper 
five genera of Canadian Homoptera are acci- 
dentally omitted. 


Genera Species 
CatbeniOGl..ccsncscictace 44 116? 
ee re ee ee 5 76 
LAGE. 2 cdues saVaen sees seeees 6 
FUR wssiebecsann bee eee 5 23 
CestQQea:, 64:044n000s« déade 2 2 
TOOT ince ce bancennsedews 177 838 
QumberetRe on cncsbieecades 83 
Total fossil insects ........ 233 1,144 


Although Seudder had the reputation of 
being an excessive “splitter” as to genera, it 
is to be noted that Handlirsch has actually 
proposed 33 new generic names for or in- 
cluding Seudder’s Carboniferous species. 

Having myself done much work on fossil 
insects from Florissant, where Scudder ob- 
tained so much of his material, I can testify 
to the general excellence of his work, while its 
amount is simply astonishing. He made some 
mistakes, and certainly described a number of 
specimens which were too poorly preserved to 
be satisfactorily classified; but he was to 
American paleoentomology as Leidy, Cope and 
Marsh combined were to our vertebrate pale- 


“Also four species later considered by Scudder 
to be the remains of plants. 
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ontology. Indeed there is little doubt that in 
respect to the proportion of good work to bad, 
or of valid genera and species to invalid, 
Scudder appears in a most favorable light in 
comparison with the great paleontologists 
mentioned. 


Recent Insects 


Orthoptera.—Mr. J. A. G. Rehn says: “ He 
was the greatest orthopterist America has pro- 
duced,” a fact nobody could be found to dis- 
pute. On going through Kirby’s “ Catalogue 
of the Orthoptera of the World,” I find 106 
genera and 630 species credited to Scudder, 
and two additional species to Seudder and 
Cockerell. Most of these are North Amer- 
ican, but many are exotic, especially from the 
Andes and the Galapagos Islands. 

Odonata (dragon-flies)—Scudder worked 
only for a short time on dragon-flies, but 
the results were important. Muttkowski’s 
Catalogue (1910) credits six species and one 
subspecies to Scudder. 

Lepidoptera Rhopalocera (butterflies).—The 
work on butterflies was of the first importance, 
and has been referred to above. The descrip- 
tion of new species was a quite minor aspect 
of it, but I find in the North American fauna 
nineteen species credited to Scudder, and five 
to Seudder and Burgess. There are also nu- 
merous subspecies or varieties. More impor- 
tant was the treatment of genera. Dyar’s 
Catalogue (1902) gives 44 valid genera de- 
scribed by Seudder; but Skinner’s later list, 
representing the ideas of the older school, 
recognizes only one Scudderian genus, though 
some others are accepted and wrongly credited 


to Speyer. Im all, I find that Seudder de- 
scribed 1,884 apparently valid species of 
animals. 


It remains to note that Scudder came of 
good stock, two of his brothers having at- 
tained eminence. The older (born 1835), 
David Coit Scudder, was a missionary of note, 
who died in India. His “ Life and Letters ” 
were published by Horace Scudder in 1864. 
The younger brother (born 1838) was Horace 
Elisha Scudder, well known as a writer of 
stories for children and other works, and later 
as the editor of the Atlantic Monthly. Vida 
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D. Seudder, also well known as a writer, is a 
daughter of David C. Seudder. 
T. D. A. CocKERELL 


SCIENTIFIC NOTES AND NEWS 

Dr. E. A. Scuarer, professor of physiology 
at Edinburgh, has been elected president of 
the British Association, for the meeting to be 
held next year at Dundee, beginning on Sep- 
tember 4. The meeting of 1913 will be held 
at Birmingham. 

As part of the celebration of the centenary 
of the University of Christiania a number of 
honorary degrees were conferred upon the fol- 
lowing William 
Morris Davis, of Cambridge, geographer and 
geologist; William Lewis Elkin, of New Haven, 
Albert Abraham Michelson, of 
Chicago, physicist; Henry Fairfield Osborn, 
of New York, paleontologist; Theodore Wil- 


American men of science: 


astronomer; 


liam Richards, of Cambridge, chemist; 
Charles Doolittle Walcott, of Washington, 


geologist, and Ludvig Hektoen, of Chicago, 
pathologist. 

Tue Prussian gold medal for science has 
Dr. Wilhelm Waldeyer, 


professor of anatomy in the University of 


been conferred on 
Berlin. 

Dr. S. J. Mevrzer, head of the department 
of physiology and pharmacology at the Rocke- 
feller Institute for Medical Research, has 
been elected a member of the Imperial Leo- 
poldina Carolina Academy of Naturalists, at 
Krakau. 

We regret to learn that Dr. Thomas 
Dwight, professor of anatomy at Harvard 
University, is seriously ill at his summer 
home at Nahant. 

Dr. Cuartes L. Parsons, professor of 
chemistry in New Hampshire College since 
1892, has accepted the position of chief min- 
eral chemist in the Bureau of Mines, Wash- 
miscellaneous mineral 
In the same bureau, Professor F. 


ington, in charge of 


technology. 


G. Cottrell, of the University of California, 

has been appointed chief physical chemist, in 

charge of the western metallurgical field. 
Tue Rockefeller Institute for Medical Re- 
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search announces the election of Dr. Theo- 
dore C. Janeway as a member of its board of 
scientific directors, to fill the vacancy caused 
by the death of Dr. C. A. Herter. This board 
has the entire control of the scientifie work 
done by the institute. Its other members are 
Dr. William H. Welch, of Baltimore, Dr. 
Theobald Smith, of Boston, and Drs. L. Em- 
mett Holt, Herman M. Biggs, T. Mitchell 
Prudden and Simon Flexner, of New York. 


Proressor Gries, Columbia University, was 
recently elected a scientific director of the 
New York Botanical Garden to succeed Pro- 
fessor Charles F. Chandler. 


Tue Journal of the American Medical Asso- 
ciation states that a committee has been or- 
ganized to do honor to the one who has been 
so largely responsible for the progress realized 
in the knowledge of diseases of tropical coun- 
tries, Sir Patrick Manson, the movement for 
the international manifestation having been 
started in France. It is proposed to present 
him with a portrait medal, in gold, the work 
of Dr. Paul Richer, professor of anatomy at 
the Beaux-Arts in Paris. The forty-five mem- 
bers of the committee represent the leading 
countries of the globe; the list includes Drs. 
W. H. Welch, G. N. Calkins, F. G. Novy, 
©. W. Stiles and H. B. Ward of this country. 


A DELEGATION named by Professor Alexander 
Smith, head of the department of chemistry 
of Columbia University, to represent the 
American Chemical Society at the National 
Conservation Congress in Kansas City the 
last of the month has been announced. It is 
composed of Professor E. H. Keiser, Washing- 
ton University, St. Louis; Chancellor Samuel 
Avery, University of Nebraska; Professor 
Herman Schlundt, University of Missouri; 
Professor H. 8. Bailey, University of Kansas, 
and Dr. H. E. Barnard, State Laboratory of 
Hygiene, Indianapolis. 


THE president of the British Board of Edu- 
cation has appointed Dr. Francis Grant Ogil- 
vie to the post of director of the Science 
Museum, which he will hold in addition to 
his present office of secretary for the Science 
Museum and Geological Survey and Museum. 











SEPTEMBER 15, 1911] 


Captain Lyons, F.R.S., has resigned from 
the lectureship in geography at University of 
Glasgow. 

Ap»irat Herz has retired from the director- 
ship of the German Nautical Observatory at 
Hamburg. 

Mr. T. SuepparD, of the Hull Municipal 
Museums, has been appointed expert adviser 
to the new public museum at Scunthorpe. 


Mr. Wriu1aM Marcont has been at St. Johns, 
N. F., conducting experiments with the object 
of ascertaining the advisability of installing a 
more powerful station on the spot where his 
first wireless telegraph tests were made. 


Mr. ArTHUR ALLEN, to whose expedition to 
Colombia attention was recently called in 
ScIENCE, goes as a representative of the De- 
partment of Birds and Mammals of the Amer- 
ican Museum of Natural History. 


Proressor JuNtus Henperson, of the Uni- 
versity of Colorado, has spent the greater part 
of the summer in North Park and Middle 
Park with one of the State Geological Survey 
parties. He has been working out the strati- 
graphie positions of the various sedimentary 
formations. Large collections of fossils were 
obtained, as well as living land and fresh- 
water mollusks. 


Signor CauissaNno, Italian Minister of Posts 
and Telegraphs, accompanied by telegraphists 
who had assembled at Como from all parts of 
the world, went on September 1 to Camnago 
to pay a visit to the grave of Alessandro Volta, 
the inventor of the electric battery which 
bears his name. The minister and delegates 
placed wreaths on the tomb, and Signor Calis- 
sano, Signor Battelli, a member of the Italian 
Chamber, M. Buels, director of the Belgian 
Telegraphs, and Signor Pietro Volta, a nephew 
of the inventor, made speeches. A memorial 
stone was unveiled bearing an inscription re- 
cording the esteem in which Volta is held by 
telegraphists all over the world. 


Dr. Francts A. Marcu, professor emeritus 
of comparative philology and English litera- 
ture at Lafayette College, and eminent for 
his contributions to the scientific study of 
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language, died on September 9, aged eighty- 
six years. 

Dr. ALBERT LADENBURG, professor of chem- 
istry at Breslau, and distinguished for his 
researches in organic chemistry, died on Au- 
gust 15, aged sixty-nine years. 


Dr. Louis C. pe Copret, known for his work 
in physical chemistry, has died at Nice, at the 
age of seventy years. 

ReverenD F. J. Jervis-Smitu, F.R.S., late 
university lecturer in mechanics at Oxford, 
died on August 23, aged sixty-three years. 


Masvucuika SuiMosk, a Japanese chemist 
who gave his name to the Shimose powder, 
died on September 6, aged fifty-two years. 


Or the seventy-five doctorates in philosophy 
conferred by Columbia University this year, 
nine were in chemistry and one in physics. 
In the report published in Sctence on August 
18, those who presented theses on the weight 
of a falling drop were attributed to physics 
instead of to chemistry. 


Tue fourth annual meeting of the Amer- 
ican Institute of Chemical Engineers will be 
held in Washington, D. C., Wednesday to 
Friday, December 20 to 22. A number of 
papers will be presented on the general sub- 
ject of patents, and the manufacture and 
testing of explosives as well as of a number of 
other chemical engineering subjects. One 
day will probably be devoted to visits to the 
technical chemical engineering plants in Bal- 
timore and vicinity. Visits to laboratories 
and other points of interest in Washington 
will also be arranged for. 


THe seventh International Congress for 
Criminal Anthropology will meet at Cologne, 
from October 9 to 13. 


Mrs. E. H. Harriman has given $50,000 for 
the establishing of a bacteriologic and patho- 
logic laboratory to be attached to the present 
Southern Pacific General MHospital, San 
Francisco. It is to be known as the Harri- 
man Memorial Laboratory. 

We learn from the Journal of the American 


Medical Association that the second field 
commission for the investigation of pel- 
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lagra has left London for the continent. It 
is composed of Dr. Louis Sambon, lecturer, 
London School of Tropical Medicine and 
parasitologist to the Wellcome Physiological 
Research Laboratories, and Dr. Albert T. 
Chalmers, lecturer on pathology and animal 
parasitology, Ceylon Medical College. These 
two members of the commission will be joined 
en route by Professor Haase, of Memphis, 
U. S. A.. Dr. Cole, of Atlanta, U. S. A., and 
Dr. Martinez, of Yucatan, Mexico. The com- 
mission will proceed to the study of the epi- 
demiology and etiology of pellagra in Hun- 
gary, the Austrian Tyrol, Spain, and the 
south of France. The governments of Aus- 
tria-Hungary and of Spain have shown inter- 
est in the work and have granted every facility 
for prosecution of the study. Mr. H. 8. Well- 
come has defrayed the expenses of the present 
field commission. The work in Italy in the 
spring of 1910, by Dr. Louis Sambon, has 
gained many converts to the belief that pel- 
lagra is not due to eating damaged maize, but 
to a parasitic disease conveyed by the bite of 
a fly. 

In constructing the huge topographic and 
geologic maps of the United States every de- 
tail of the work is done by the survey, from 
the work of the topographers who make the 
maps in the field down through the various 
stages of drafting, lettering, editing, engrav- 
ing and lithographic printing in many col- 
ored inks. There is practically no compilation 
about the survey maps; they are based on sur- 
veys made on the ground, and the office work 
consists simply in putting them into form for 
issuance to the public. They depict most 
faithfully the characteristics of the areas sur- 
veyed. Every year with the coming of the 
field numerous survey parties 
hurry away from the Washington office to the 
four quarters of the United States as well as 
to Alaska, and the result of their season’s 
work is the topographic and geologic mapping 
of tens of thousands of square miles of all 
sorts of country ranging from the most for- 
bidding swamps and morasses to the loftiest 
of the glacier-covered mountains of the Rock- 
ies and the high Sierra, and including the 


open season 
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most valuable mineral deposits of the nation. 
While these parties are thus traversing un- 
trodden fields, the survey’s engraving and 
printing plant throughout the summer, as in 
fact through all the year, is turning out hun- 
dreds of thousands of copies of the results of 
the previous year’s field work. In a single 
midsummer month this year the survey plant 
printed 102,404 topographic maps, 5,345 geo- 
logie folios, each containing many maps, and 
111,170 copies of other geologic maps, charts, 
ete. Besides its own maps a great number of 
maps are also printed by the survey engrav- 
ing division for other branches and depart- 
ments of the government. Stephen J. Kiibel, 
chief engraver, has run this extensive engrav- 
ing and printing plant under the director of 
the Geological Survey for the past 22 years. 
Years ago he instituted an almost exact cost- 
keeping system which has enabled him to 
enter into close competitive bidding on some 
of the government contract work and to run 
the engraving plant on thoroughly up-to-date 
business lines. Most of the maps are printed 
in colors and for the total number of 218,919 
maps and charts printed during the month 
mentioned the number of separate printings 
or impressions was 1,287,609. The geologic 
map of North America, which is now being 
printed in four sheets, shows 42 different color 
and pattern distinctions. Each sheet requires 
20 separate printings, and the 13,700 copies of 
the southwest sheet of this map printed during 
the month necessitated 274,000 printings. The 
total edition of 13,700 copies of the complete 
map has required 1,096,000 printings. 


In the course of his speech in the British 
parliament on the Indian Budget, the under 
secretary for India said: “The most urgent 
need is the education of the masses in the 
principles of hygiene. There is a limitless 
field, indeed, for private enterprise here. Tol- 
erable though archaic habits and practises may 
be in the open country, when transferred to 
the crowded town they become unsupportable. 
If there were less ignorance and less per- 
versity, plague would never find in the country 
the lodgment that it has. It is an established 


fact that persons living under proper sanitary 
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conditions are virtually exempt from the dis- 
ease. Plague does not attack the gaol popula- 
tion or the native army; it attacks the ordi- 
nary civil population, because they live in 
houses which are not rat-proof, because they 
treat the rat almost as a domestic animal, 
because large numbers of them refuse to trap 
or kill it, and because they will not adopt the 
sanitary precautions which are pressed upon 
them. Plague has now been present in India 
for fifteen years, and the appalling total of 
nearly 7,500,000 deaths from it has been re- 
eorded. Of this the Punjab accounts for 
nearly two and a half million deaths—almost 
a third of the total. The tale of deaths in 
the last ten years represents 1 per cent. of the 
population of that province. When I think of 
the sensation that was caused in this country 
a short time ago by what was by comparison 
a minor outbreak in Manchuria, resulting in 
only 50,000 deaths, I fear that people in this 
country do not realize the awful ravages that 
this scourge is daily making among the Indian 
people. Scientific research has established 
that it is conveyed by rat fleas to human 
The two effective remedies are in- 
oculation and house evacuation. Professor 
Hatfkine has discovered a vaccine by which 
comparative though not absolute immunity 
can be temporarily secured. But by an un- 
happy accident at Mulkowal several villagers 
died of tetanus after inoculation. Inocula- 
tion in India has never recovered from this 
disaster. It is hated by the people and 
avoided by them except when the disease is in 
their midst. House evacuation is easier in 
villages than in towns. Administrative ar- 
rangements by which plague is now fought 
include the provision of special plague medical 
officers and subordinates, and they and the 
district staff are on the lookout for the occur- 
rence of plague, and when it occurs they visit 
the locality, offer inoculation, give assistance 
to persons to vacate their houses, advise rat 
destruction, and so on. To the prevention of 
plague there would seem to be no royal road. 
The case is one in which lavish expenditure of 
money is not called for, and would be useless. 
But the provincial governments have spent, 


beings. 
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and are spending, a good deal. The United 
Provinces have expended some £600,000 up to 
date. The Punjab government is spending 
about £40,000 a year. The improvement of 
the general sanitary conditions under which 
the population lives is more and more clearly 
seen to be essential, and to improve them the 
local governments are devoting all the money 
they can spare. They have been helped to do 
so by the grants for sanitation made by the 
government of India. The scientific difficul- — 
ties are enhanced by the difficulty of over- 
coming prejudice and ignorance, habit and 
apathy. In some districts there is actually 
religious objection to rat-killing and inocula- 
tion. No better work can be done for India 
than to offer example and instruction in prin- 
ciples of life that appear to us elementary, and 
to strive to exorcise the foes of progress— 
superstition and resistance to prophylactics. 
There are, I am glad to say, signs that the 
sanitary conscience is beginning to awake 
among the people.” 





UNIVERSITY AND EDUCATIONAL NEWS 


Proressor WIiLBurR J. Fraser has resigned 
as head of the department of dairy husbandry 
of the University of Illinois to devote his 
entire time to a professorship which he will 
retain within the department. 
Fraser has been head of this department since 
its organization some fifteen years ago, during 
which time it has grown until it now numbers 
twelve members and its resources amount to 
over fifty thousand dollars annually exclusive 
of receipts. 


Professor 


W. C. Ruepicer has recently been advanced 
from assistant professor to professor of edu- 
cational psychology in the Teachers College 
of the George Washington University. 


Tue following new appointments have been 
made at the University of Colorado: Max M. 
Ellis, Ph.D. (Indiana), instructor in biology; 
Arthur G. Vestal, B.A. (Illinois), instructor 
in biology; Paul M. Dean, M.A. (Colorado), 
instructor in chemistry; Harold E. Robbins, 
M.A. (Yale), instructor in physics; Whitney 
C. Huntington, B.S. (C. E.) (Colorado), for 


the past year assistant, instructor in civil 
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engineering; Rex E. Edgecomb, B.S. (C. E.) 
(Iowa State), instructor in civil engineering ; 
Charles D. Faweett, B.S. (E. E.) (Colorado), 
instructor in electrical engineering; Frank S. 
Bauer, B.S. (M. E.) (Illinois), instructor in 
mechanical engineering; Herbert D. McCaslin, 
B.S. (M. E.) (Purdue), instructor in mechan- 
ical engineering; J. B. Hanson, A.B. (Mis- 
souri), instructor in physiology and pharma- 
cology. 





DISCUSSION AND CORRESPONDENCE 
M. COSSMANN ON THE PHYLOGENY OF CERITHIUM 


In the Revue Critique de Paléozoologie for 
April, 1911, M. Cossmann published a review 
of my paper on “ The Phylogeny of Certain 
Cerithiide ” involves a question of 
fundamental principles in the study of 
phylogeny and is therefore of interest to con- 
sider at greater length. 

M. Cossmann calls attention to the fact 
that my classification differs widely from that 
published in his monograph on the Cerithi- 
ide.’ . The reason for this is, as stated in my 
paper, that we are following entirely different 
methods of work. We are, I think, in accord 
a natural classification 
should be based upon descent from a com- 
mon ancestor but as to the principles to be 
followed in determining relationship we differ 
widely. M. classification is 
based on a comparison of the aperture and 
especially of the “cerithial” canal, mine 
upon the entire ontogeny of the shell, the 
facts thus obtained being applied in accord- 
with Haeckel’s biogenetic law. M. 
Cossmann’s argument in favor of using the 
aperture as a basis of classification is stated 
in his review as follows: 


which 


in assuming that 


Cossmann’s 


ance 


“C'est par louver- 
ture que sortent les organes d’un Gastropode, 
c’est par lA que son manteau secréte le test; 
e’est done Vouverture qui joue le principal 
réle dans Vévolution.” It is true that the 
mantle secretes the shell at the aperture, but 
if the adult aperture be considered of so 
much importance how can we neglect the suc- 
cession of apertures represented by the young 


‘*Essais de 
VIL., July, 1906. 


*M. Cossmann, Paleoconchologie 


Comparée,’’ 
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shell every growth line of which outlines the 
aperture of the shell at the time when the 
line was formed. If it be true, as stated by 
Hyatt,’ that “ All modifications and variations 
in progressive series tend to appear first in 
the adolescent or adult stages of growth” we 
shall find in the adult aperture the extreme 
limit of variation for the individual, and it is 
to this stage that we look for divergence from 
the well established, hereditary characters 
that ally the organism with its ancestors. If 
recapitulation be a fact it is in the young 
stages that inherited characters find their 
fullest expression. A defense of the methods 
used in my paper and of my results is simply 
a defense of the theory of recapitulation, and 
no adequate presentation of the subject can 
be attempted in a limited space. The validity 
of the theory is still questioned by some 
scientists, mainly zoologists, but the final 
answer to the question will be, as in the case 
of the theory of evolution itself, an accumu- 
lation of corroborative facts so overwhelming 
as to finally silence doubt. Already the ac- 
cumulation of such facts is so considerable 
as to convince nearly all paleontologists and 
many zoologists. In an excellent summary 
of the present status of opinion on this sub- 
ject Cumings’ has called attention to illus- 
trations of recapitulation in each of the 
classes of invertebrates above the Porifera. 
Against this mass of evidence a mere dog- 
matic statement has little weight. It is not 
enough to cry scornfully, “ Quelle importance 
peut-on attribuer 4 des conclusions basées 
sur de telles prémisses?” He who would show 
these premises to be unsound must 
Haeckel’s law to be invalid by answering the 
arguments of Hyatt, Cope, Jackson, Beecher, 
Cumings and many others, and also otherwise 
account for the great accumulation of evi- 
dence in favor of the law which appears not 
only in the works of authors avowedly in 
favor of the theory but in the facts presented 


show 


*A. Hyatt, ‘‘Genesis of the Arietide,’’ p. ix, 
Smith’s Cont. to Knowledge, No. 673, 1889. 

*E. R. Cumings, ‘‘Paleontology and the Re- 
capitulation Theory,’’ Proc. Ind. Acad. Sci., 25th 
anniversary meeting, 1909. 
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by many other workers whether they call at- 
tention to the recapitulation shown or not. 
As a whole M. Cossmann’s criticism shows 
a total misconception of modern methods in 
phylogenetic study and even the illustrations 
which I have used to point out likeness or dif- 
ference in descent are to him, judging as he 
does by the standards of the older conchol- 
ogists, only so many offences against the good 
old fashioned rule of putting together species 
that are alike in the adult and ignoring 
“simples et légerés modifications dans |’orna- 
mentation de la spire.” A careful compari- 
son of the detailed figures in my paper will, 
however, show that the modifications are not 
slight in cases where genera are separated. 
As might be expected, the choice of a geno- 
type from the work of a pre-Linnean author 
is questioned. This choice arose from the 
difficulty of applying the established rules of 
nomenclature in such a manner as to meet 
the approval of all students of the subject. 
3ruguiére, the first post-Linnezan author to 
use the binomial nomenclature in connection 
with Cerithium, did not select a genotype, 
and Lamarck chose, at different times, two of 
sruguiére’s species as illustrations of the 
At present one eminent authority 
chooses as genotype the first of Lamarck’s se- 
lected species, while another chooses the second 
and a third suggests a choice from Brug- 
uiére’s many species. If the general con- 
sensus of opinion finally fixes upon Pseudo- 
vertagus aluco or Cerithium? nodulosum in- 
stead of C. tuberosum as the type of Cerith- 
ium it would simply necessitate the choice 
of a new name for the group represented by 
C. tuberosum, C. adansoni, ete., which were 
the first to be deseribed, and which have long 
been known by that name. However, the 
name applied to a natural group is of minor 
importance. The point of especial importance 
is that such shells as Pseudovertagus aluco 
and Cerithium echinatum,for example, can not 
be classed together in the same genus since 
their ontogeny shows that they have an en- 
tirely different ancestry. The main object 
of my paper is to trace the phylogeny of a 
natural group and to show the methods by 


genus. 
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which relationship should be determined. 

In summarizing I would emphasize the 
following three points: 

1. A natural classification 
based on community of descent. 

2. In tracing descent the whole ontogeny 
is a more reliable guide than a single final 
stage of it. 

3. There is sufficient evidence in favor of 
the theory that ontogeny recapitulates 
phylogeny to make it the only safe means of 
determining relationship. 


should be 


Extvira Woop 
COLUMBIA UNIVERSITY, 
May 31, 1911 


A NEW RACK FOR INDIVIDUAL TOWELS 


THe “common towel” is a problem which 
sanitarians so far have failed to solve. This 
is especially true of the roller towel so often 
found in publie places. The fact that these 
towels are dirty and unattractive, if not re- 
pulsive, is comparatively unimportant, for if 
the real facts were known it would be under- 
stood that many cases of disease are trans- 
mitted by this means. In the better places 
where the wash room can have frequent at- 
tention, small individual towels can be used. 
In a good many places, however, it seems im- 
possible on account of the expense, due to 
those lost and stolen. One attempt to solve 
the problem has been the substitution of 
paper for cloth towels. In the minds of most 
people, however, these paper towels are not 
satisfactory, although, of course, they are 
perfectly hygienic. 

An attempt has been made at the Univer- 
sity of Wisconsin to solve this problem and 
towel racks have been designed which make 
it possible for each person to have an indi- 
vidual towel. This rack is very simple, as is 
seen in the accompanying illustration. It 
consists essentially of a shelf on which are 
placed a pile of the small, clean towels, and 
just below this and at one side is a receptacle 
or basket into which the dirty towels are 


placed. Connecting the shelf and the basket 


is a rod with a goose neck. The towels are 
provided with a perforation or loop through 
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which this rod passes, so that when a towel 
has been used it is slipped over the rod and 




















Ih 


























allowed to drop into the basket. This rod is 
ordinarily held in place by a nut, but it might 
be provided with a lock. It would thus be 
impossible to remove the towels by any one 
not provided with a key without tearing 
them. 

This rack has been used at the university, 
in its various toilet rooms, for some months 


with much satisfaction. 
W. D. Frost 
UNIVERSITY OF WISCONSIN 


QUOTATIONS 
THOUGHT-TRANSFERENCE 


A curious offer, or challenge, has been ap- 
An un- 
named inquirer asks for “ satisfactory proofs 
of so-called thought-transference”; and, as 
such proofs have not been forthcoming in re- 
sponse to applications to “the leading au- 
thorities and writers of repute on the subject,” 
a reward of £1,000 is now offered to any one 
who will furnish them. We understand those 
who use the expression “ thought-transfer- 
ence” to mean by it that, under conditions at 
present undetermined, the physical changes 
underlying the thought processes of a human 
brain may be brought into such relations with 
some unknown medium of communication as 


pearing recently in our columns. 
‘ec 


SCIENCE 


[N.S. VoL. XXXIV. No. 872 


to be conducted through its agency to another 
human brain, and to produce in the latter 
changes, and consequently thoughts, anal- 
ogous to or identical with those preexisting 
in the former; the process being somewhat 
analogous to the communication of Hertzian 
waves from their source to a suitable receiver 
at a distance. The foundations of any such 
belief must manifestly rest upon the instances 
in which it is said that human beings, sepa- 
rated by distance, have been simultaneously 
the subjects of thought impressions of a simi- 
lar or identical character, on matters impor- 
tant or interesting to both; and it is equally 
manifest that no “proof” of “transference ” 
in such eases could possibly be given. The in- 
stances, or supposed instances, have 
been examined with sufficient care by com- 
petent persons to exclude the innumerable 
possibilities of coincidence, and it is even 
doubtful whether any care which could be 
taken, after the alleged event, would be suff- 
cient for the purpose, or could avoid the 
operation of “the myriad shafts of chance.” 
The only conclusive proof would be by the in- 
tentional reproduction of the occurrence; and 
in order to accomplish this it would first be 
necessary to determine with scientific pre- 
cision what were the conditions of success. 
If there can be a transference of the kind 
alleged, it must occur as a result of a state of 
things which, if its nature were precisely 
known, could be reproduced with certainty; 
but which, so long as it is uncertain or unde- 
fined must continue to elude observation and 
to baffle experiment. If “proof” be desired, 
it should be sought by endeavors to reproduce 
in a physical laboratory the circumstances 
which have given rise to the stories about 
thought-transference.—The London Times. 


never 





SCIENTIFIC BOOKS 


Quantitative Mineralogical and Chemical 
Composition of Granites and Gneisses. 
By Professor T. Tcuirwinsky. Moscow. 
1911. 8vo. Pp. vii-+ 659, 4 plates. 


An important work by Professor T. Tchir- 
winsky on the quantitative chemical and 
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mineralogical composition of granites and 
eneisses has just been issued. This tireless 
worker in the fields of mineralogy and petrog- 
raphy presents in this his latest work a very 
thorough study of his subject, and offers a 
large mass of materials derived from the best 
sources and supplemented by the results of his 
own investigations. The details are so 
grouped as to be easily utilized by those who 
may consult the volume. The importance of 
a correct determination of the composition of 
eranite rocks for an understanding of the 
eenesis of mineralogical forms in general does 
not need to be emphasized. 

The author begins his exposition with an 
examination and description of the different 
methods used in determining the quantitative 
composition of rocks (pp. 11-75), a thorough 
understanding of the various methods being 
essential for the appreciation of their respect- 
ive value in controlling the results arrived at 
by any one of them. The purely chemical 
methods are first described, it being shown 
that the investigation of the mineralogical 
composition of granite should begin with a 
determination of the quantity of magnesia 
present in the biotite or biotitic granite. A 
table on page 14 shows the differences in rela- 
tive percentage of the constituents of ortho- 
clase, albite and anorthite, as conditioned by 
the later and earlier computations of the 
atomie weight of the elements; the first col- 
umn gives the figures arrived at or according 
to the standard of 1907, and the second and 
third columns the figures according to earlier 
standards—the third column referring to the 
early sixties. 

The method followed by Haughton in his 
analyses of Leinster granite—wherein he rec- 
ognized as the three principal constituents, 
feldspar, margarodite and quartz—and that 
followed by Sartoritis von Waltershausen in 
the investigation of basalts, are given at con- 
siderable length (pp. 17-33). The author 
then explains the method of determination 
by the use of reagents and finally proceeds to 
a consideration of the purely mechanical 
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methods. He gives the preference to that used 
by Delesse—as early as 1848—and modified 
and improved by later investigators. 

As many of the results secured by Pro- 
fessor Tchirwinsky were obtained by the use 
of this method, we give briefly his description 
of it, as used by him. Upon the plate to be 
examined a network of points is made with 
ink. The interval between the single points 
and the width of the network are determined 
by the magnification to be used. The point 
at the upper left-hand corner is first brought 
to the center of the cross-threads over the ob- 
ject glass of a microscope, the instrument 
resting in a horizontal position in a Winkel 
or Leitz apparatus for microphotography. In 
place of the ground-glass disk, a disk of trans- 
parent glass is inserted in the apparatus, and 
a piece of tracing paper is attached to the 
glass with wax. Under artificial illumination 
of the apparatus in a dark room, a sharp, 
clear picture of that portion of the plate sur- 
rounding the point is projected on the paper 
and is traced there with a pencil. Similar 
minerals are designated by given letters and 
are afterwards cut out. The same process is 
followed with all the points. 

More than 400 pages (pp. 77-495) are de- 
voted to tables, arranged geographically, ex- 
hibiting the results of analyses of granites 
and gneisses. The various data are examined 
critically, and are supplemented by the results 
of numerous tests made by the author accord- 
ing to the Delesse method. These are given 
at great length in the case of each plate 
tested, with the average value. The material 
here assembled is very valuable and of great 
interest to the petrographer. 

This section is followed by one presenting 
the conclusions drawn by the author from the 
material he has brought together (pp. 501- 
659). Here the manifold characteristics and 
the average chemical composition of the sev- 
eral minerals that appear in granite are stud- 
ied, as for example the feldspars, biotite, 
hornblende, pyroxene, quartz, etc., and the 
quantitative chemical and _ mineralogical 
composition of granite, pegmatite-granite, 
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aplite and myrmecite are considered. It is 
not possible within the limits of this brief 
notice to do more than draw attention to the 
cosmographical significance attributed to the 
granites by Professor Tchirwinsky and his 
opinion of the place they occupy in the earth’s 
crust (pp. 645-654). He believes that gran- 
ite is only to be found in the outermost part 
of the crust, and that it plays a very small 
part in the upbuilding of our planet. This 
conclusion is drawn from the relation of the 
mean specific gravity of granite to that of the 
earth. The average specific gravity of the 
basie eruptive rocks, according to figures for 
gabbro, diabase, basalt and diorite, as given 
by Osann, is about 2.9; that of granite is 
from 2.67 to 2.68 (p. 636). Now it is com- 
puted that the specific gravity of the earth’s 
crust to a depth of 4,000 meters only is on the 
average 3.13. This would indicate that the 
granite formations are comparatively super- 
ficial. In this connection it is interesting to 
note that the mean specific gravity of the 
moon, which Professor Tchirwinsky terms 
“the sister or the daughter of the earth,” and 
that of the meteorites, is from 3.4 to 3.5. 
Much importance is based upon the absence 
of magnesia, and the associated biotite; the 
latter is only of rare occurrence and magnesia 
is one of the least plentiful of the constituents 
so that it could be questioned whether its 
presence is of much or any importance. 

There are three things to be regarded in a 
volume of such magnitude as the work of 
Professor Tchirwinsky. We regret that a 
communication of such value as he sets forth 
in his work should be published only in the 
Russian language, an unfortunate circum- 
stance for most workers who understand only 
English, German or French. 

Second, many of the analyses quoted are 
old ones; the more recent ones by American 
analysts having been omitted. This is re- 
grettable since they would have greatly in- 
creased the value of the deductions. 

Nevertheless the work is a monument of 
great value and as a contribution to petrology, 
of great importance. 

GEORGE FREDERICK Kunz 
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De Rietsuikerindustrie in de Verschillende 
Landen van Productie. H. ©. Privsex 
GEERLIGS. Pp. xviii + 416+ xxiii, 
sterdam, J. H. De Bussy. 1911. 
This is the fourth volume of a hand-book of 

sugar-cane culture and cane-sugar manufac- 

ture, published by the Iavanese sugar-experi- 
ment stations, a work of great value and 
importance for the sugar industry. 

The author first gives a concise historical 
review of the sugar industry from the earliest 
times and then passes on to describe in detail 
the cane industry of all countries—some forty- 
odd in number—at the present time. 

Prinsen Geerligs considers his theme from 
the historical, the technical and the economic 
point of view; he enters into the geographical 
and the climatie conditions of each country, 
discusses the technical evolution of the in- 
dustry, studies the bounty question, and gives 
copious data on the consumption and export 
of sugar in the several countries. 

A number of charts, diagrams and maps, as 
well as sundry illustrations, scattered through- 
out the book, add greatly to the elucidation of 
the immense amount of material brought to- 
gether within these pages, material nowhere 
else available in so convenient a form. 

Issue of a publication of this kind, a publi- 
cation of importance to workers in many sec- 
tions of the globe, causes one to voice regret 
that it should have appeared in Dutch, a lan- 
guage known to but comparatively few. 
There certainly is need of a true world lan- 
guage in which all works of great and general 
interest should be published and thus prove 
accessible to all without expenditure of the 
additional labor of translation and loss of 
time. 

It is to be hoped that this book may soon 
appear in one or more of the leading tongues 
—an English version, certainly, would be sure 
of a warm welcome. F. G. WiecHMANN 
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The Reduction of Domestic Mosquitoes: In- 
structions for the Use of Municipalities, 
Town Councils, Health Officers, Sanitary 
Inspectors and Residents in Warm Climates. 


By Epwarp Hatrorp Ross, M.R.C.S. Eng- 
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land. Philadelphia, P. Blakiston’s Son & 

Co. 1911. Pp. 114, with eighteen maps 

and illustrations. 

This is an attractive and well-printed work, 
vet withal a great disappointment. The prin- 
cine title, “ The Reduction of Domestic Mos- 
quitoes,” covers so fully one of the present 
vreat needs in the book line, that it is a dis- 
tinct shock to diseover that it practically 
applies “in warm climates” only. Mr. 
Ross was “late health officer, Port Said and 
Suez Canal District,” and his practical ex- 
perience seems all to have been gained in those 
localities. He tells, most interestingly, of the 
methods there adopted, of the difficulties en- 
countered with the native population and of 
the successes attained. But the smallest por- 
tion of all this is applicable, except in the 
most general way, to American (United 
States) conditions. 

Nearly half the book is taken up with gen- 
eralities, telling of the life history of the do- 
mestie mosquitoes, by which he means chiefly 
the Stegomyia fasciata (yellow fever carrier) 
and Culex fatigans or pipiens (ordinary rain- 
barrel mosquito) and how objectionable they 
are. There is nothing new in this and the 
information is not even reasonably complete. 
American work is searcely referred to at all 
and even the New Orleans, Havana and 
Panama work receives only more than a mere 
mention. It is perhaps natural that Theo- 
bald’s work should be the only one considered 
worthy of mention from the systematic stand- 
point; but surely from the practical point of 
view the work done by Dr. Howard and his 
assistants in the U. S. Department of Agricul- 
ture deserves at least some notice. 

Some of the statements concerning the life 
cycle are perhaps open to question, unless 
there is a greater difference between C. fati- 
gans and C. pipiens than is usually supposed, 
and so in the brief consideration of natural 
enemies, not all can be considered strictly 
applicable to our conditions. Some of the 
matters are absolutely incorrect, as where 
waterboatmen or “backswimmers” (Noto- 
necta) are credited with catching wrigglers 
and pupe in their “ jaws ”—appendages which 
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they do not possess. That there may be no 
doubt of the mix-up, it is said that “it is a 
water-beetle,” instead of as should be, a water- 
bug. 

The importance of the mosquito work and 
the difficulties are not minimized and that a 
really effective campaign is an expensive mat- 
ter is well brought out; but unfortunately 
the calculations and the preliminary work re- 
quired do not fit or even serve as fairly accu- 
rate guides to conditions in those sections of 
the United States where “the reduction of 
domestic mosquitoes” is just now considered 
rather a timely matter, and the figures sup- 
plied would discourage the average American 
municipality if offered as a basis of an ef- 
fective campaign. 

JouHN B. Smite 


NEw BRUNSWICK, N. J., 
August 23, 1911 





SCIENTIFIC JOURNALS AND ARTICLES 


THE number of the Journal of Medical Re- 
search issued in September contains the fol- 
lowing articles: 


‘*The Vaccination of Cattle against Tubercu- 
losis. II.,’’ Theobald Smith. 

‘*Organie Matter in the Expired 
Milton J. Rosenau and Harold L. Amoss. 

‘*A Study of Primary Intimal Arteritis of 
Syphilitie Origin’’ (with one plate), Fraser B. 
Gurd and H. W. Wade. 

‘*The Rapid Isolation of Typhoid, Paratyphoid 
and Dysentery Bacilli,’’ Arthur I. Kendall and 
Alexander A. Day. 

‘*An Investigation on the Permeability of Slow 
Sand Filters to Bacillus Typhosus,’’ Edward B. 
Beasley. 

‘*Certain Fundamental Principles Relating to 
the Activity of Bacteria in the Intestinal Tract,’’ 
Arthur I. Kendall. 

‘*Tuberculosis among Ground Squirrels (Citel- 
lus beecheyi Richardson),’’ George W. MeCoy 
and Charles W. Chapin. 

‘‘Precipitation Tests for Syphilis,’’ Lawrence 
W. Strong. 

‘*Notes on Twenty-two Spontaneous Tumors in 
Wild Rats (M. Norvegicus)’’ (with one plate), 
Paul G. Wooley and Wm. B. Wherry. 

‘*The Isolation of Typhoid Bacilli from Urine 
and Feces,’’ F. F. Russell. 
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‘‘The Isolation of Bacillus Typhosus from But- 
ter,’’ D. H. Bergey. 

‘‘Note on a Peptid-splitting Enzyme in Wom- 
an’s Milk,’’ Louis M. Warfield. 

‘Carcinoma Involving the Entire Kidney’’ 
(with two plates), Lindsay S. Milne. 

‘*A Study of a Case of Thrombo-angitis Oblit- 
erans,’’ Harlow Brooks. 

‘‘The Value of the ‘Hormone’ Theory of the 
Causation of New Growth,’’ I. Levin and M. J. 
Sittenfield. 


Tue contents of the Astrophysical Journal 
for September are: 


‘Spectrum of Comet Morehouse (1908 c),’’ 
A. de la Baume Pluvinel and F. Baldet. 

‘*The Discovery of Eclipsing Variable Stars,’’ 
Joel Stebbins. 

‘‘A New Bright Variable Star, 8 Aurige,’’ 
Joel Stebbins. 

‘*Motion and Condition of Calcium Vapor over 
other Special Regions.  II.,’’ 
Charles E. St. John. 

‘‘An Enclosed Are for Spectroscopic Work,’’ 
James Barnes. 

‘*The Spectra of Aluminium, Copper and Mag- 
Are Reduced Pressure,’’ 


Sun-spots and 


nesium in the under 
James Barnes. 
‘*An Inquiry into the Variation of the Spectro- 
scopic Binary « Pavonis,’’ Alex. W. Roberts. 
SPECIAL ARTICLES 
THE ORIGIN OF THE GREAT PLAINS 


PassarGe’s dictum that “ Wasser ist nicht 
im Stande soleche Ebene zu erodieren” now 
seems eminently applicable to vast, arid and 
remarkably smooth plains other than those of 
the great South African plateau. In the light 
of the recent advances in our knowledge of 
general desert-leveling, or regional planation 
and lowering without base-leveling, the vast- 
ness and evenness of the Great Plains lying 
between the Rocky Mountains and Mississippi 
River at once raise the query whether genet- 
ically their dominant characters have been 
properly interpreted. 

At the present time the geologic formations 
receiving greatest critical attention are those 
known as continental deposits, or terranes 
laid down and preserved on land instead of in 
lakes or seas. In the recent considerations of 
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the subaerial formations so many novelties 
enter that in many an old and well-known 
field a new interest is aroused. The Great 
Plains and their deposits are one of these. 
On a grand scale they appear to introduce to 
us a mode of terranal genesis hitherto almost 
unrecognized. Continental deposits thus be- 
gin to assume in this country an importance 
which has never been before accorded them. 

Singularly enough, the so-called fresh-water 
Tertiaries of the Great Plains have had as- 
cribed to them every known method of origin. 
The same is true of the surface-relief. In the 
descriptions and discussions of this one geo- 
logie formation and of this single topographic 
feature is reflected in all its various phases a 
century’s trend of sedimentative and physio- 
graphic thought in America. For this reason, 
if for no other, the theme is deserving of more 
than passing notice. 

The origin of the Great Plains and their 
deposits has been ascribed to (1) normal ma- 
rine deposition, (2) lacustrine sedimentation 
in vast bodies and (3) fluviatile aggradation. 
To these hypotheses must now be added a 
fourth—that of eolative planation. In the 
extreme west in front of the Rocky Mountains 
is a belt of deflative character where often the 
substructure forms a typical rock-floor. In 
the broad median belt eolian deposition to 
vast extent has taken place, and is still going 
on. In the eastern belt along the Missouri 
River wind-effects, although extensive, are 
almost wholly obscured by moist-climate phe- 
nomena. 

The two essential points to be noted are, 
first, continental deposits may be as impor- 
tant as marine or lacustrine deposits; and 
second, that on the American continent eolic 
deposits are of vast extent and are being 
formed under conditions whereby they may be 
preserved through the geologic ages as ef- 
fectually as any of the marine Cambrian ter- 
ranes have been. 

In this new century the theory of eolic 
planation and deposition promises to be one 
of the half-dozen great and novel thoughts in 
the domains of geology. 

Cuartes R. Keyes 


